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The above 300 gallon Vacuum "A&G" Buttermilk Machine used in 
a Baltimore, Md. creamery was fabricated from "18-8" chromium- 
Nickel stainless steel by Jensen Machinery Co., Inc. 


Even the /east contamination by bacteria spells D-A-N- 


G-E-R to processors of milk. 


The faintest contamination from products of corro- 


sion may affect the taste. 


ddddddddds dis. 


And that’s why chromium Nickel austenitic stainless 
steel is used for so many pasteurizers, storage tanks, sur- 
face coolers, piping and other units for the dairy prod- 
ucts industry. 


í ep 71e ~% 1e Stk € . Ste » 
Easy to keep hygienically clean, standard “18-8” stain ihe aa aia ta 


less is highly resistant to foodstuffs, atmosphere, most cooler made of "18-8" chromium. 
i è n b Nickel stainless steel is easy to clean and keep clean. 
organic and a great many inorganic chemicals, and to 


dyes and sterilizing solutions. 


In addition, for many applications in various fields 
where resistance to corrosion, impact, wear and abra- 
sion are required, 18-8" permits cutting bulk and dead 
weight without sacrificing strength or durability. Its 


great resistance to both high and low temperature effects 


IS Espec ially valuable. Over the years, International Nickel has accumulated a fu 


: 3 useful information on the selection, fabrication, treatmen 
Leading steel companies produce stainless steel con- . | . 
, performance of engineering alloy steels, stainless steels, cast 


taining Nickel in sheet, strip, bar and tubular form. A copper-base and other alloys containing Nickel. This informat 


list of the sources of supply will be furnished on request. yours for the asking. Write for “List A” of available publica 


THE INTERNATIONAL NICKEL COMPANY, INC. scwroaes x 
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Progress in Review Pee ee 


Developments in plastics and rubber, iron and steel, and nonferrous 
metals, giving an interpretive summary of application and design trends. 


Designs and Operating Principles of Pumps Used in Industry 


Two pages of pump designs, both old and new, are presented so their 
principles can be compared. The first in a series on pump construction. 


Permanent Magnets of Sintered Oxides 


R. J. Sruppers. Metallic oxide permanent magnets, used in high fre- 
quency electrical equipment require no insulation against eddy currents 


BRYCE T. RULEY. General considerations that should influence the choice 
of a type of anti-friction bearing, before bearing size is determined. A 
later article will discuss the computation of a bearing size. 


Unusual Adjustable-Voltage Control System 


J. E. Jones. A recently developed a-c control system provides new operat- 
ing characteristics especially suitable for handling overhauling loads. 


Fundamentals of Noise 


Howarp C. Harpy. The psychological aspects of noise, which usually 
bear little direct relationship to intensity, and the interpretation of sound 
meter readings are discussed from the product designer's viewpoint. 


Pivoted Centrifugal Friction Clutches 
HERBERT F. BariFFI. Designs for compact centrifugal friction clutches are 


analyzed mathematically and the developed equations applied to the solu 
tion of a specific clutch design problem. 


Gear Trains for Multiple Speeds 
Louis DopE. Fundamental design considerations and a graphical method 
of making an analysis of gear trains with sliding gear clusters. 


Charts for Calculating Root Stresses in Spur Gears 
WAYNE H. BOOKMILLER. Charts can be used to find the Y and K factors, 


for use in the modified Lewis equation, when designing standard adden- 
dum spur gears. 


FRONT COVER—Buick engineers inspecting a cutaway section of the 
hydraulic torque converter unit of Buick’s New Dynaflow Transmission. 
Left to right: W. R. Coughtry, engineer, chassis division; J. A. Nyland, 
staff engineer, chassis division; Edward T. Ragsdale, assistant chief engi- 
neer; Charles A. Chayne, chief engineer. Kodachrome courtesy Buick 
Motor Division. 
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MOTOR DRIVEN MACHINFS Special 32 page editorial in GRAPHICAL DETERMINATION OF GEAR CONTACT ao 
sert, outlining load characteristics and mechanical fac- by D. W. Dudley of General Electric gives a simple and 
tors to be considered in the design of motor driven accurate method of solving meshing diagr ams by use of 
machines to obtain efficient motor operation and to make easily-constructed graphs. 
possible the use of an economical type of motor. In- DESIGNING WITH DOLLARS, by John Van Hamersveld, 
cluded in subjects covered are clutches, couplings, gear senior cost analyst of The Glenn L. Martin Company 
drives, speed reducers and torque characteristics of The organization of cost data, on material and parts, for 
standard motors engineering use. 
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PROGRESS IN MACHINES and mate- 
rials during 1947 was reported by 
three large electrical manufacturing 
companies. In year-end evaluations 
of technical developments, the Allis- 
Chalmers Manufacturing Company, the 
General Electrical Company, and the 
Westinghouse Electric Corporation, re- 
vealed significant improvement in elec- 
tical and mechanical components, 
properties of metals and other mate- 
tials, as well as in research and test- 
ing facilities. 
















MATERIALS 





Rare metals often become important 
ater long peaceful periods as scien- 
hc curiosities. Like uranium and 
molybdenum, zirconium has been a 
metal little known outside lamp-re- 
‘earch laboratories. Malleable zirco- 
num has been produced by Westing- 










POWERED BY EIGHT TURBO-JETS, U.S. Air Force-Northrop 
Flying Wing” shows acceptance of jet engines in aircraft 
Largest jet bomber in the world, YB-49’s engines have 
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house for 


several years in limited 
quantity at a cost of approximately 30 
to 40 dollars per ounce. But new and 
much cheaper ways have been found 
to produce it. One is the outcome of 
research on electronic tubes. 

Its behavior as a “sponge” for ox- 
ygen nitrogen gives zirconium its 
appeal to electronic tube engineers. 
Placed in a tube, a small quantity of 
the metal "cleans up” stray oxygen or 
nitrogen molecules that appear dur- 
ing the early life of the tube from 
within the metal and glass parts and 
which would be destructive to nor- 
mal functioning of the tube. Zir- 
conium soaks up astonishing amounts 
of these gases and does not give them 
up even on prolonged heating. Zir- 
conium absorbs hydrogen as well, but 
releases it when hot. This suggests 
the possibility of using zirconium in 
tubes that require a hydrogen gas bal- 
ance. 

Zirconium is a moderately light 
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a combined output of 32,000 hp. Wingspread of the plane is 172 ft; 
gross weight is 100 tons. The ‘Flying Wing 
maiden flight at Northrop Field, Hawthorne, 


is shown above in its 
California. 





1947 saw application and improvement of high-temperature materials. Production 
techniques included betatron X-ray inspection, induction heating, inert gas arc 
welding. Research was closely geared to fluid flow and supersonic flight. 





metal, medium soft (about 80 to 150 
Brinell, 40 to 80 Rockwell B) depend- 
ing upon the process used. Although 
it absorbs oxygen in prodigious 
amounts it does not form an oxide at 
room temperatures. It is a white sil- 
very metal with a beautiful luster, and 
takes a high polish which it retains 
permanently because it does not ox- 
idize or combine with common corro- 
sive gases such as sulphur. 
Germanium, among the rare of the 
elements, belongs to a small group of 
solids known as semiconductors; it 
possesses electrical properties inter- 
mediate between those of metals and 
insulators. The unusual current-con- 
ducting properties of germanium were 
first put to use in a crystal rectifier for 
radio communication at ultra-high fre- 
quencies. Then it was observed that 
adding suitable “donors” resulted in 
unusually high burn-out characteris- 
tics, whereupon the unit was adapted 
to high-voltage rectification. It offers 
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possibilities in portable electric equip- 
small size and 
does not have the alter- 

hum of  hot-cathode 


because of its 
and it 
nating-current 


ment, 


we ight 


tubes 

Chemical and metallurgical develop- 
ments broadened the scope of appli- 
cations for plastics, silicones, insulating 
materials, and metallurgical products, 
and promised to open still more fields 
in the coming year. In the field of 
plastics there was the development of 
two new compounds—a phenolic and 
a heat-resistant molding compound. 
The first all-plastics rowboat was de- 
signed and manufactured and size 
was set in making a 650-lb 
laminated plastic part for a synchro- 
tron 

There were many new applic ations 
of silicone oils, a new use for “‘bounc- 
ing putty,” and a new silicone adhe- 
Sive. 


rec ord 


Metallurgical developments included 
the introduction of new permanent- 
magnet assemblies, design of an ion 
trap for television tubes, a magnetic 
vibrator assembly to test magnets, 
and improvements in various alloys. 

Resin and insulation advances in 
cluded a solventless, cold setting, cast- 
ing resin; a varnished cloth combin- 
ing insulating and adhesive proper- 
ties; and improvements in synthetic 
resins for enamels. 

Combustion-chamber liners and 
buckets in gas turbines of jet-propelled 
aircraft may have a longer life by 
being coated with high-temperature 
ceramic glazes. Such an application 
of ceramics is still a research develop- 
ment, however, and has not been used 
in gas-turbine production. Investiga- 
tions of solid ceramic turbine buckets 
were also being made. 

Coating combustion chamber liners 
and turbine buckets in gas turbines of 
jet-propelled aircraft with high-tem- 
perature ceramics may give the tur- 
bines longer life, research investiga- 
tions indicated. 


AVIATION 


lhe past year was significant in air- 
craft gas turbine progress, and in the 
development of electric equipment for 
the aviation industry. Many new jet- 
powered military airplanes took were 
introduced and made remarkable per- 
formance Adaptations were 
made of wartime designs of electric 
equipment for use in peace, and re- 
search and fundamental development 
went ahead at a rate comparable with 
that maintained during the war years. 

The most noteworthy air record was 
that of the Douglas D-558, the Sky- 
streak, equipped with a single axial- 


records. 


g? 


COMBUSTOR CASING and flame tube of a 


flame tube 


of combustion gases. 


rugated sections in the 
hot core 


flow turbo-jet engine, it set a world’s 
speed record of 650.6 mph. 

Jet-propelled airplanes of the year 
included two four-jet bombers, the 
North American XB-45 and Consoli- 
dated Vultee’s XB-46; Boeing's XB- 
47 and the Martin XB-48, each with 
six-turbo-jets; and Northrop’s huge 
YB-49 Flying Wing, powered with 
eight jets. In the single-engine fighter- 
plane class there was North American's 
XP-86 with swept-back wings. 

Boeing's Stratocruiser, initially flown 
in July, became the first turbo-super- 
charged passenger plane. Boeing’s new 
B-50, larger and more powerful than 
the B-29, likewise was turbosuper- 
charged for high-altitude peak per- 
formance. 

Wartime activity with gyroscopic 
stabilizers for tank guns and airplane 
gun turrets has led to a new auto- 
matic pilot for airplanes that is un- 
affected by any maneuver of the plane. 
The automatic control can be set to 
cause the plane to climb or descend at 
a given rate, to fly at a fixed level, or 
to adhere to 1 prescribed course, al- 
lowing the pilot to attend the remain- 
ing multiplicity of duties concerned 
with his ship 

The new device, the Gyropilot, em- 
ploys three separate but coordinated 
gyroscopes, one for each principal axis 
of motion. These are rate gyros, so- 
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admit cooling air 
New materials withstand high temperatures wit! 


2000 hp gas turbine generator. The cor- 
which protects the tube from. the 


t creep 


called because they are responsive to 
change in angular velocity. Position 
gyros, customarily used in automatic 
pilots, are sensitive to change in abso- 
lute angular position. Rate gyros are 
fixed to the plane and allow it to loop 
the loop and barrel roll, if desired, 
without loss of control. The Gyro- 
pilot is not adversely affected by high 
acceleration rates, which suggest its 
possible use on guided missiles and 
pilotless aircraft. Because the Gyro- 
pilot (which is still in the experimen- 
tal stage) is small and light, it is ex- 
pected to be applicable to light com- 
mercial and private planes as well as 
military craft. 

Another safety development was 4 
VHF (very high frequency ) trans- 
mitter operating in conjunction with 
the plane's existing radio. This en- 
ables the pilot to talk to control towers 
at a frequency of 122 megacycles, 
where clear communication is possible, 
despite natural and man-made static. 
A small, efficient whip antenna was 
developed for the transmitter. 


TURBINES, JETS, ROCKETS 


Gas turbines—first used in jet-pro- 
pelled aircraft—were undergoing ¢ 
haustive tests in 1947, for locomotive, 
marine and stationary power-plants 
Rocket propulsion motors, their con 
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VALVES 





as it enters 


proper position 


a Curve. 











touring, fuels and controls, received 
much attention. 

A 2000 hp experimental gas turbine 
has been tested by Westinghouse. No 
fundamental weaknesses appeared. By 
late fall, the unit had run more than 
600 hours, including about 100 hours 
at full load and 300 hours of cyclic 
operation simulating locomotive serv- 
ice. This consisted of One-half hour 
successively at each of three condi- 
tions; idling, half load, and full load 
The machine has operated at the full 
design temperature, 1350 F, with- 
out measurable creep, with no distor- 
ton difficulties, without oxidation or 
any evidence of distress of the special 
turbine blade material. 

Gas-turbine engineers are preparing 
for units two or three times larger for 
both locomotive service and industrial 
use. No basic change in structure is 
contemplated. Engineers feel that the 
next units will require no new mate- 





















tals; with present knowledge tem- 
peratures can be safely increased 






another hundred degrees. 

A test station where studies will be 
made with static tests on rocket pro- 
dulsion motors having up to 50,000 Ih 
thrust—about one-half million—was 
erected near Schenectady as part of the 
General Electric—U. S. Army Ord- 
nance Department joint long-range 
rocket research program. Other labora- 
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SHOCK ABSORBER for trucks or railroads. 
road car, the screw jack or tilter jack tilts the body of the car to the 
The two smaller bump stabiliz- 





ers on either 
track. The 


side, 


Installed on a rail- 


sway 












tory investigations of this and allied 
problems—aerodynamics, propellents, 
controls—were in progress. Among 
developments were a new telemetering 
device for returning scientific and op- 
erating information from the speeding 
missile to the ground, enabling plot- 
ting of trajectory data, and a fight 
simulator for ground testing of rocket 


controls. 


RAILROAD STABILIZER 


A shock absorber that irons out the 
bumps in railroad tracks or highways 
has been developed by Westinghouse 


Electric Corp. research engineers. The 
new stabilizer is designed to: Elimi 
nate more than 60 percent of the 


bumps and sway caused by irregulari- 
ties in tracks or roads; enable trains 
to take curves at more than 25 percent 
greater speeds. 

Floating weights that feel up-and- 
down and sideway motion, and a 
pendulum that senses the pull of cen- 


trifugal force and gravity, working to- 


gether or separately, detect and respond 


to bumps or side-sway in 0.003 sec- 


ond. They anticipate the movement 


and correct it before it is felt by the 
train or bus passengers. 
The stabilizer automatically moves 


the car trucks or bus wheels up and 
down to compensate for bumps in the 
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side of the 
stabilizer 
while holding the car body still, to 


TILTER 
PENDULUM —— 


ne, 


ye, 


truck compensate for bumps or 
the truck 


dips in the 
from side to 
tor weaving. 


moves wheels 


compensate 











road surface. Train wheels are moved 
from side to side to correct for track 
weaving. A tilter banks the body as 
it rounds a curve. On a railroad car, 
this is done by six hydraulic cylinders 
and a pair of motor-driven screw-jacks. 
Four cylinders take care of vertical 
bumps and two side-sway. 

When the car comes to a bump or 
dip in the track the floating weight 


instantly “senses” the motion of the 
body as it begins. The movement 
opens one valve and closes another, 


causing oil under high pressure to flow 
into the proper cylinder. The piston 
in the cylinder moves with just enough. 
force in the right direction to counter- 
act the bump and hold the car body 
virtually motionless. This takes 
in three one-thousandths of a second. 
The same type of action moves the 
wheels right or left to correct for side- 
sway and the car body moves forward 
in a straight line. 

When the train enters a the 
gyro-controlled pendulum regulates 
two eiaa screw jacks, 
placed at diagonal ends of the car body. 
If the speed is not quite right for the 
bank of the track, centrifugal force 
swings the pendulum. This closes an 
electrical contact to operate the two 
jacks which immediately tilt the car 
body to the correct bank angle. The 
permissible speed on curves depends 


plac e 


curve, 
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THESE COPPER FINS inserted 


ot the motor steel laminations help conduct the heat to the cooling airplane window 
and make possible smaller totally-enclosed motors or frost from forming 
on the design of the locomotive, but copper disks take up about the same 


even with this limitation the tilter will 
make possible 25 percent overspeed 
without passenger discomfort. 

The same equipment used on rail 


road cars, modified slightly, can be 
ipplied to large passenger buses. In 
buses, however, the system will be 


simpler because of the omission of 
lateral sway stabilizers, since 
have no swing link suspension. Al- 
though the application of the new 
stabilizer to automobiles is more re- 


mote, parts of the new system were 
used for months on a large sedan. 


buses 


MOTORS 


Among special motors developed 
industrially were three for research 
purposes. Only 1} in. in diameter 
and six in. long, they operate at 80,000 
rpm and produce 1/10 hp. 

Copper fins extending from the 
stator core, to improve motor cooling, 
have culminated in a family of totally- 
enclosed “‘copper-fin” motors. These 
include the range from 125 to 1000 
hp and may be extended even further. 
This design is based on the premise 
that accumulation of heat in the in- 
terior of a non-ventilated, totally-en- 
closed motor can be avoided by using 
copper punchings spaced at intervals 
between the steel laminations. The 
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at intervals into the 


hottest part 


space as do cooling air ducts on open 
motors and do an equivalent job of 
heat dissipation. Consequently, totally- 
enclosed motors built on this principle 
are much smaller than the conven 
tional type. Special motor controls 
were designed E gaseous conditions 
and machine tools. 


TESTING AND MEASURING 


A close analogy between two-di- 
mensional air flow and the behavior of 
surface waves in water was found, 
when the depth is small compared to 
the wavelength. This fact was put to 
work in a water table developed for 
both qualitative and quantitative stud- 
ies of fluid flow. To study the flow 
of gases over specially designed sur- 
faces such as ram jets and rockets, it 
was found helpful to construct a small 
model, place it on the water table, and 
observe the stream line of the water 
flow around 

A horizontal surface of plate glass 
is provided with means for altering the 
inclination. A pumping system circu- 
lates the water, and acceleration is 
produced by means of a dam with 
sloping spillway. Depths are measured 
by means of a depth gage and by coat- 
ing model sections with a water-soluble 
dye 


Propuct 


CURRENT passed through a transparent conducting film in this 
“sandwich 


generates heat enough to keep ice 
to obscure the pilot’s view. 


In studying the flow of gases over 
specially designed surfaces, such as in 
ram jets, rockets, etc., it is helpful 
to construct a small model, place it on 
a table, and observe the stream line 
of the water flow around it. Quantita- 
tive measurements of depths give in- 
formation regarding pressure and tem- 
peratures in full-scale air flow. The 
water table is used for visible flow 
demonstrations, for quantitative in- 
vestigations of lift, drag and moment 
of airfoils, and for studies in super- 
sonic diffuser design. 

A differential analyzer, placed in 
operation by the University of Cali- 
fornia at Los Angeles, made it possible 
for one man to solve in two weeks an 
intricate mathematical problem that 
otherwise might require 17 man-years 
of effort. It will be used in such com- 
mercial problems as the analysis of 
fluid flow in steam and gas turbines, 
the determination of torque and cur- 
rent oscillations in motors after dis- 
turbances, and the study of airplane 
landing shocks that would otherwise 
be too destructive. The machine is 
similar to those used during the wat 
in studies of radar, hydrodynamic flow, 
rotating machinery, airplane stresses, 
speed governors, and in obtaining 
trajectory data for firing V-2 rockets 
at White Sands, New Mexico. 

For electrical measurements there 
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STUDIES OF FLUID FLOW, qualitative and quantitative, are waves in water whe 

carried out on this water table. Table design is based on close Supersonic velocities 

analogy between two-dimensional air flow | behavior of surface fel, simulating 
i i i 

was develo ved a two-element cathode study Dy a new x-ray motion picture 


ray oscillograph and camera, incorpo 


rating automat developing and pro 


jecting, for rapid testing with high 
voltage surges. A_ millionth-of-a-sec 
ond surge can be photographed, the 
picture developed in 24 seconds, and 
the record then projected. Also of 
interest to photographers was a new 
photoelectric exposure meter “with a 
memory”. It is operated simply by 
pressing a button, setting the pointer, 
and reading the exposure. It is vest 
pocket size. 

To the mass spectrometer and its 
variant, leak detector, there 
added a process control spectrometer 
especially designed to monitor and 
control process streams of mixed gases, 
keeping a continuous check on the 
presence of as many as eight individual 
components of a mixture. 

A new machine capable of taking 
X-ray motion pictures at high speed 
opens many fields of research. 
What happens to the human body 
when subjected to rapid accelerations. 

as in the jet or supersonic air- 
planes? What is the mechanism of de 
posit of metal from an ar 
rod? Or the actual 
carbon arc? These and many more in 
such fields as ballistics, machinery mo 
tions, human and animal physiology 
are brought within a range of visual 


the was 


new 


W 


l 
suci 


welding 


events within a 
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NINE tha an 


take 10 


. , 
ond exposures at the rate of 


millionths 
q) al SCC 
150 per econd 


{f 


Che x-ray tube itse'f is different 
only in minor details from tubes used 
in other x-ray service, the power sup 
ply is new and is based on techniques 
developed for radar. By use of radar 
type controls, ope rating at low volt- 
and Hipersil”’ 


transformers 


ave, (ceramic ) 


for 


COTL 
developed radar, 
pulses of about 5000 kw are supplied 
to the tube for about ten microseconds 
hundredth of a second. This 
peak power is a thousand times greater 
than conventional X ray machines. 


every 


PRODUCTION TECHNIQUES 


Typical of product improvement o 
tained with induction heating was the 
surface-hardening of bed-ways 


machine-tool 


lathe 
to increase life; the use 
by farm-equipment manufacturers to 
produce longer-life blades for mowing 
machines; 


and its use by automotive 


manufacturers to reduce wear on such 
important parts as 
and shafts. 


In the frequency range of 3 to 40 
les there steady 


mevracycies 
++ easlat 
as Operating experience with pilot pro 


valves, pins, cams 


was growth 


} 


duction units in many plants demon 


strated where quality improvement or 
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depth is small compared to wave length. 
: 
are studied by observing flow of water around 
faces Of rockets t 


cost reduction can be obtained through 
use of dielectric heating. 


Among interesting furnace instal- 
lations was a 630-kw roller-hearth 


copper brazing furnace, 185 feet long, 
for brazing plate-type evaporators for 
industrial refrigeration; it 
steel sheets in sizes up to 2-4 by 12 
Another was a 9600-cycle in- 
furnace annealing and 
coating bright steel strip in widths up 


seals two 


teet 


duction for 


to 54 inches, at a rate of 20,000 Ib 
pet hr. 

Most interesting new trend seen in 
dielectric heating is the use of micro 
Waves radar frequencies The early 


laboratory work with the use of such 


extremely high frequencies for heat 


treating thin sheets, for curing thin 
synthetic films, or for curing insula- 


uon on wire as ontinuous pror 


The 
techniques for this work are borrowed 
directly from radar and involve such 
radar components as magnetrons and 
wave-guides. 

At least multi-million dollar 
plant was built with the production of 
the product based on radio-frequency 
heating Without this 
machinery plant which uses electronic 
generators for induction-hardening of 


ess has been most promising 


one 


proc ess, this 


gears. shafts and similar machine parts, 
is inoperative because no provision has 
been made for alternative methods of 


85 





heating This is evidence of industry's ried by the gas stream instead of by had been found possible tO ust pure 
confidence in radio-frequency heating. the arc itself as in the ordinary metal © plutontum—an element unknown 
In the recent months dielectric heat- arc, and the energy required is rela- few years ago—to operate a relatively 
ing has been put to work in the wood tively low Instead of transferring small reactor or “pile,” without 4 
industry. Big panels and timbers are metal from the electrode to the work, moderator to slow down fast neutrons, 
made by edge gluing small ones and the shielded arc applies sufficient Fast x-raying of steel—ten inches in 
dielectrically curing the glue, some- heat locally to fuse the metals that are just a few minutes—will be done in 
times as a continuous process. The re- in contact. The method is free from the Naval Ordnance Laboratory at 
sult is a utilization of small pieces bubbles of trapped gas. White Oaks, Md., with a 10 million. 
of lumber and increase in product For welding alumnium, magnesium, volt betatron. First of its size for in. 
strength and reduction in overall cost and beryllium copper without use of dustrial use, it will be employed in 
of finished product. One radio cabi- flux, there was developed a new argon radiography of castings and weld 
net a is —— building a cabi- gas welder having all components ments of naval guns, directors, armor 
‘et in which all 28 pieces are held to- built into one compact, er plate, and other ordnance equipment. 
sities r solely by didlectel -cured syn- Case, with electric and gas and water The machine is a small version of 
thetic glue and forms the laminated connections at convenient outlets. General Electric's 100 million-volt be 
curved front as a step in the process. tatron, but is considered more suit 
The result is better — and NUCLEONICS able for industrial radiography of 
elimination of many steps i n produc thick specimens. Betatrons with higher 
tion with consequent cost savings. Last year was devoted more to ar- energies, although invaluable in nu 
Of great value in the manufacture rangements than to production, so far clear research, have beams too narrow 
of magnetrons and other devices re- as nuclear energy is concerned. for inspection at close range. 
quiring precision welding was an At Schenectady the Knolls Atomic Also under construction were a 50 
rgon-shielded arc-welding apparatus. Power Laboratory of the Atomic million-volt betatron for the National 
Because of localization of the heat- Energy Commission was under con- Bureau of Standards components of 
ing, stock as thin as 10 mils has been struction, for operation by the General a 70 million-volt synchrotron for Iowa 
successfully welded, and welds can be Electric Company in applied research State University (combining techniques 
made safely very near to glass parts. and engineering development for in- employed by the earlier betatron and 
A constant speed is maintained by dustrial atomic power. Near Richland, cyclotron, the synchrotron accelerates 
ı unit having a dia! speed control. The Wash., G. E. was the operating agency electrons in a doughnut-shaped vac 
object to be welded is chucked in the at Hanford Engineering Works in uum tube, first by magnetic field and 
lathe and serves as one of the ele plutonium production and in physical then by an electric field); two 100 
trodes. The other electrode is sur- and chemical research. million-volt betatrons for the Uni 
rounded by a tubular jacket through There was, however, at least one versity of Chicago and the Clinton 
which a stream of argon is passed important announcement during the Laboratories at Oak Ridge, Tenn.; 
from a pressure tank—argon main year about atomic energy. The Los en 33 million-volt electrostatic pro- 


tains a constant arc voltage independ- Alamos, New Mexico, experimental ton accelerator, also for nuclear re- 
ent of arc length. The current is car station of the AEC revealed that it search. 


< 


ANNEALING an autom brake arm, previous to forming, A LEAK DETECTOR, based on the mass spectrometer devel: 


ne by one manutacturer on a 20 k nduction heater, at the in atomic research, is shown being used on a refrigerator pt 
f 1800 piec inut tion line, for testing the piping system 
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METHODS OF CHECKING GEARS for 
size and accuracy have received con- 
siderable attention by engineers. When 
acceptance specifications it is 


mind the inherent limi- 


writing 
wise to Keep in 


tations and advantages of the method 
used 
Before going into the different 


phases ot this problem, it might be well 
to consider the elements that consti- 
tute a good spur gear, and to outline 
the fundamental principles of 
the involute curve, which is the one 
used for tooth profiles in the vast ma- 
jority of fine pitch gears. 


some ot 


1. Involute gears impart, one to the 


other, uniform angular action irrespec- 
tive of variations in center distances 


The involute is dependent only 
on the size of its base circle and the 
rate of motion transmitted from one 
involute to another depends only upon 
the relative sizes of the base circles of 
the two involutes. This rate of mo- 
tion is in inverse proportion to the 
sizes of the two base circles. 

The common tangent of the two 
base circles is the line of action. Tooth 
action takes place only along this com- 
mon tangent. 

4. The intersection of the common 
tangent to the two base circles with 
their common center line determines 
the pitch line of the two involutes. No 
involute has a pitch line until it is 
brought in contact with another in- 
volute, or a straight line constrained 
to move in a defined fixed direction. 

These are four of the fundamental 
laws of the involute curve. There are 
others, which need not be mentioned 
here for the purpose of this discussion. 
It is quite obvious that the common 
notion. that involute gears in them- 
selves have definite and concrete pitch 
circles, is erroneous and based on the 
wrong concept of the properties of 
the involute curve. Gears must mesh 
with each other or a rack, before a 
pitch line can be established. 

It is perfectly possible by analytical 
methods to take certain measurements 
ar, which is to be meshed with 
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Gear Tooth Inspection Method 


As An Index of Performance 






Analvsis and interpretation of inspection data obtained by the pin measurement method 
and the master gear or rack method of checking the accuracy of gear tooth elements. 

















































































































Fig. 1—Composite check test fixture for measuring deviations in center distance during 
the rotation of a test gear with a master gear Gage indicates faulty tooth conjugation 
another, and be reasonably sure that This measurement is also subject to 


when placed on their proper centers, 
the two will operate satisfactorily. For 
instance, it is possib yle to check the 
tooth thicknesses of the gears at the 
theoretical pitch diameter, which is 
actually the quotient of the number 
of teeth divided by the diametral pitch, 
by means of gear tooth calipers. It is 
also possible to arrive at the same re- 
sult in a more refined manner, by plac- 
ing accurately made pins in the tooth 
and measuring over the pins. 
This technique is well known and 
there are several systems of pin meas- 
urements Of gears in current use 
The measurement of tooth 


Spaces, 


thick- 


ness, either by means of tooth calipers 
or pins, gives only one of the elements 
necessary 


to control accuracy in gears 
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errors resulting from the improper 
contact of the calipers or pins on the 
profiles of the gear tooth, since the 
spot on the tooth profile where the 
pin sets and where measurements are 
taken is assumed to be perfect in every 
respect. Actually, the tooth profiles 
may have slight depressions or pro- 
tuberances at this point. Also the feed 
marks on opposite sides of the teeth 
where the pin contacts may be of dif- 
ferent magnitudes. 


In spur gears there are four distinct 
types of errors that affect uniform 
angular motion. These are: Eccentric- 


ity, profile error, variations in tooth 
spacing and in tooth thickness. 
In addition to these there is another 


type of error, common to all types of 
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Pitch line of 
defective 
rack 


Pitch line 
of ideal 
rack 


100 Diametral Pitch 


100 Diametral Pitch Enlarged 


Enlarged 


Pitch line of 
defective 
i D . TACK 
Fig. 2—An ideal 20 deg pressure angle rack in mesh with an ideal 
20 deg pressure angle, 20 tooth pinion. The relative position of 
a 0.01728 in. measuring wire is also shown. 
f 5 } i Pitch line 
0.00025 A - of ideal 


rack 


100 Diametra! Pitch 


Pitch line 
Enlarged 


of ideal 
rock 


0.00025 Pitch Fig. 4—Two racks in mesh. (A) Lower rack with correct 20 deg 
pressure angle. Upper rack with incorrect 19 deg 30 min pres- 
sure angle. (B) Lower rack with correct 20 deg pressure angle, 
Upper rack with incorrect 20 deg 30 min pressure angle 


circle 
of pinion 


Pitch line of 
defective 


Pitch line 
. rack 


of ideal 
rack 


\ ae k K Pitch line 
A l NN -of ideal 


Pitch rack 


circle of 
pinion 


100 Diametral Pitch 
Enlarged 


Pitch line of 
defective, 
rack 


Pitch line 
of ideal 


rack 
ac 4 


t 
7 oo 
Pitch line 
0.0007 Y~>~ of ideal 


rack 


100 Diametral Pitch 
Enlarged 


3—Ideal 20 deg pressure angle rack in mesh with a 20 deg Fig. 5—Two racks in mesh. (A) Lower rack is a standard 20 deg 
(A) Rack tooth in center pressure angle rack. Upper rack is a 20 deg pressure angle rack 
with tooth 0.0005 in. thin. (B) Lower rack is a standard 20 deg 
pressure angle rack. Upper rack is a standard 20 deg pressure 
ngle rack with tooth thickness increased 0.0005 inch 


min pressure angle, 20 tooth pinion. 
of contact (B) Receding phase of toot contact. (C) 
ı tooth in center phase ot contact. 
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ears, known as lateral runout or 
“wobble.” This is usually mainfested 
as eccentricity, although it has the same 
effect as a combination of profile error 
and eccentricity. 

The most satisfactory manner of 
checking the influence or composite 
effect of these errors against the mating 
gear is to duplicate as closely as pos 
sible the actual operating conditions 
of the gears. This can be done by 
rotating the gears to be checked against 
amaster gear or rack on a suitable fix- 
ture. A typical fixture is shown in 
Fig. 1, it should include: (A) A fixed 
pin for mounting an accurately made 
master gear; (B) A part, upon which 
the gear to be tested is mounted, that 
is free to move parallel to a line 
through the centers of the meshing 
gears; and (C) A device for measur- 
ing any deviation in the center dis- 
tance that occurs when the meshing 
gears are rotated. 

An analysis of the difference be- 
tween the pin method of checking “so 
called” pitch diameter of a gear and 
pitch diameter as measured with a mas 
ter gear on a variable center distance 
fixture discloses that only when con- 
ditions are ideal do the two methods 
agree with each other. Even when 
an appreciable profile error exists in 
the work, the pin measurement may 
give the same reading that is obtained 
in an ideal gear. A check against a 
master gear on a variable center dis- 
tance fixture, on the other hand, shows 
a separation over the nominal dis- 
tance resulting from profile error. Fur- 
thermore, inasmuch as the influence 
of this type of error on center dis- 
tance aa varies at different 
stages of contact of the gear with the 
master, the recurring difference in the 
magnitude of this separation is reflected 
as a jump or flicker on the recording 
medium of the instrument on which 
the gear is checked. This flicker, which 
isthe result of improper tooth conjuga- 
tion, can be evaluated for any set of 
given conditions. 

An ideal gear and master in mesh 
at theoretically correct centers are 
shown in Fig. 2. Superimposed on the 
gear is a pin of the proper size for 
Measuring the tooth thickness. Radius 
Re is the distance from the center of 
the pin to the center of the gear. No 
paration between the pitch line of 
gar and master exists here because all 
conditions are ideal. 

The same ideal master meshing with 
à gear that has a similar profile error 
on both sides of the teeth equivalent 
o plus thirty minutes on pressure angle 
ts shown in Fig. 3(4). This error is 
well within the tolerance of Class A 
senerating tools for this pitch. Radius 
R. is, for all practical purposes, ex- 

























































actly the same as in Fig. 2, how- 
ever, the centers of the gear and mas- 
ter have been displaced approximately 
0.00025 in. in this phase of tooth 
contact. Fig. 3(B) shows the same 
gear and master in the receding 
phase of tooth contact. The separa- 
tion at this point is approximately 
0.000425 in. Fig. 3(C) shows the 
same gears in mesh in the center of 
contact phases. At this point the sepa- 
ration amounts to approximately 0.000 
175 in. Thus it is apparent that pro 
file error causes a separation of from 
approximately 0.000475 in. to approx 
imately 0.00025 in. and a resultant 
flicker of 0.000225 in., which is evi- 
dence of improper tooth conjugation. 

In Figs. 4(A) and (B) are shown 
the resulting separation in center dis- 
tance of two racks, which takes place 
when a perfect rack is meshed with; 
first, one which has a plus pressure 
angle of thirty minutes; and second, 
one which has a minus pressure angle 
of thirty minutes. This shows that re- 
gardless of whether the profile error 
is of a plus or minus nature, the sepa- 
ration in centers is of the same magni- 
tude, approximately 0.00025 inch. 

In Figs. 5(A) and (B) are shown 
the effect of incorrect spacing when 
only one tooth is thicker or thinner 
than all of the rest, because of a cir- 
cular pitch error. The separation iS 
exactly the same in both cases, approx- 
imately 0.0007 in. for a difference of 
tooth thickness of 0.0005 inch. 

In Fig. 6 is shown the resulting 
separation caused by an unequal pro- 
file error on opposite sides of the 
teeth of a 20 tooth pinion coupled 
with a spacing error. 

This analysis does not show all of 
the possible combination of errors, as 
obviously such a study would be bur 
densome and would not serve any use 
ful purpose. The values given in this 


discussion are those actually encoun- 
tered in practice. No errors were as- 
sumed to exist in the master gear. It 
is known that master gears are not 
perfect. For the simplicity of com- 
parison of the two methods of check- 
ing gears, this seemed the best ap- 
proach. By the same token a master 
rack was used in place of a master gear. 

The conclusion of this study is, quite 
obvious. Pin measurements of gears 
have their limitations. Only one of 
the several important elements is 
checked and this without complete as- 
surance of accuracy because of meas- 
urements are based on the unknown 
factor of accuracy of the tooth profile 
at the point of contact of the pin. 

It is further demonstrated that in 
order to check all of the important 
errors in gears the inspection method 
should duplicate, as closely as pos- 
sible, the operating conditions of the 
gears in action. This can best be done 
by means of a master gear or rack on 
a variable center distance fixture. Gears 
checked in this manner frequently 
show a larger pitch diameter, that is, 
thicker teeth, than that obtained by 
the measurement over pins. The two 
methods do not necessarily coincide 
and should not be used interchange- 
ably without an understanding of the 
factors contributing to the discrepan- 
cies. The inspection of a gear by 
meshing it with a master, as men- 
tioned in the foregoing discussion, 
checks the several elements that make 
the gear good or bad when assembled 
in its mechanism, whereas, the pin 
measurement method measures only 
the tooth thickness without regard to 
the other elements. The chief use of 
pins should be in determining size 
during the setting-up operation. They 
should be used to supplement rather 
than replace the much more inclusive 
composite check. 


100 Diametra! 
Enla raed 


Fig. 6—Separation between an ideal 20 d 
pinion having a pressure angle of 


of each tooth, and 
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aeg pressure 
20 deg 30 min and 19 deg 30 min on opposite sides 
an increased tooth thickness of 0.0005 in. on one tooth. 





angle rack in mesh with a 20 tooth 
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Flexible Couplings for Shafts 


Design of flexible couplings to be weakest unit in connected machinery so 
they act as protective devices. Couplings designed to satisfy requirements 
other than power transmission. Interpretation of coupling wear in systems. 


JOHN H. SCHMID 


Vice President, Charge of enn 
American Flexible Coupling Company 


MUCH CAREFUL DESIGN EFFORT is 
wasted when a driven machine is con- 
nected to a prime mover without care- 
ful consideration of the flexible cou- 
pling to be used. A recent survey 
indicates that little effort is expended 
when specifying flexible couplings. 
The coupling is thought of as a minor 
element because some form of cou- 
pling must be used in every direct 
hook-up. The painstaking efforts of 
both the installation designer and the 
coupling manufacturer are wasted 
when the units are incorrectly used. 


COUPLING FUNCTIONS 


The primary and apparent purpose 
of a flexible shaft coupling is to con- 
nect two shafts for the direct mechan- 
ical transmission of power with as 
little loss and lag as possible. Ex- 
perience has shown a flexible coupling 
to be also a protective device and an 
indicator of impending trouble for the 
complete installation. A properly in- 
stalled coupling is fulfilling its de- 
signed function when it shows wear 
and should not be condemned as 
faulty 

As a protective device, a coupling 
must compensate for bearing misalign- 
ment, reduce shaft flexing and protect 
the machine and prime mover bear- 
ings from stresses and wear resulting 
from misalignment. As an indicator, 
it should absorb the induced stresses 
and show when they are excessive. A 
flexible coupling can be likened to a 
circuit breaker or a fuse because it is 
installed to transmit power but is de- 
signed to be the weakest link in the 
system. Like the fuse, the coupling 
should absorb the damage from over- 
load and should indicate that over- 
loading has occurred. 

A flexible coupling is not designed 
to be used to effect a change in the 
direction of shafting. It should be 
installed, as near as possible, in per- 
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fect alignment. When shaft misalign- 
ment does occur from shifting equip- 
ment, shaft flexing, loose mountings, 
vibration or other causes, the coupling 
can compensate for the misalignment 
until corrective maintenance can be 
effected. Couplings that do not trans- 
mit misalignment stresses to bearings 
of the connected machines, do not ex- 
hibit any appreciable power loss them- 
selves. 


COUPLING TYPES 


Many methods are used to achieve 
flexibility in shaft couplings. Some of 
the most common and effective flexible 
couplings are based on the Oldham 
principle. The basic Oldham coupling 
is made of three parts. Each of two 
identical parts, as shown in Fig. 2, 
has two planes, parallel to each other 
and to the shaft centerline, at an equal 
distance from the rotational center of 
the shaft. One of these parts is se- 
cured to each shaft with the pairs of 
parallel planes at right angles. The 
square space inclosed by the four 
planes is filled by the rigid, power 
transmitting part. The floating center 
member compensates for angular and 
parallel misalignment, or a combina- 
tion of the two. The only reactionary 
stresses that can be set up in this type 
coupling are those resulting from fric- 
tional forces between the sliding mem- 
bers. The friction forces in the cou- 
pling can be minimized by adequate 
lubrication. 

A refinement in this basic design, 
see Fig. 2, is the installation of re- 
placeable bearing strips on the sides 
of the floating member. These bearing 
surfaces can be inspected periodically 
and replaced without disassembling 
the coupling. Oldham-type couplings 
can be used where bad misalignment 
conditions are anticipated. 

The gear-type coupling shown in 
Fig. 3 is also flexible through its de- 
sign. The basic gear-type coupling 
usually has a hub member for each 
shaft. The external spur gear teeth 
on these hubs are centered on and 
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parallel to the shaft. The hubs are 
connected by a two-section sleeve 
having two sets of internal spur gears 
that engage the hub gears. The mesh- 
ing gears have a slight amount of 
clearance and are crowned so that 
each set can rock slightly on its mat- 
ing gears. This rocking movement is 
the only motion between the gears 
and the unit might better be desig. 
nated a “spline coupling.” Within the 
limits of the rocking motion, the 
sleeve member is full floating and 
will compensate for both angular 
and parallel misalignment. Frictional 
forces between the teeth, which can 
be lessened by lubrication, are the only 
reactionary stresses set up in this unit 
Gear couplings can be used where 
speeds are in excess of usual motor 
speeds and where expected misalign- 
ment will be slight. 

Within its limits, a gear coupling 
will absorb misalignment as effectively 
as Oldham-type couplings. However, 
the total misalignment that a gear 
coupling will absorb is much less than 
that for an Oldham-type coupling. A 
graphical example of this character- 
istic difference is shown in Fig. 4. 
The charts were taken by a recording 
wattmeter when the two types of 
coupling were subjected to differing 
amounts of misalignment on a test 
stand similar to that of Fig. 1. A geat 
coupling does not indicate dangerous 
misalignment conditions as readily as 
the Oldham-type coupling since any 
wear will be distributed over all the 
gear teeth. If such wear does occur, 
the whole coupling should be replaced. 


SPECIAL COUPLINGS 


Other couplings now used have 
flexible or resilient materials to com- 
pensate for misalignment. The resili- 
ent materials in these couplings, rub: 
ber, steel, brass or leather, transmit 
the power from one coupling half to 
the other and compensate for mis 
alignment by their own deformation. 
Such couplings should be maintained 
in proper position at all times so that 
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when there is a misalignment the re- 
actionary stresses, set up by the force 
needed to deform the resilient mate- 
rial, will not be too great. Couplings 
with resilient members are used where 
it is reasonable to expect very little 
misalignment. Wherever this type of 
unit is used, the alignment of the in- 
stallation should be checked periodic- 
ally. Fluid couplings are used in 
coupling applications where the loss of 
motion is not detrimental to the over- 
all action. 

The size of a flexible coupling 
should be carefully considered so that 
it will operate satisfactorily and be 
economical. All coupling manufac 
turers have simple sizing charts to aid 
in the selection of the various types of 
couplings. The usual error is to pick 
a coupling too small for the peak load 
to be carried. 

Flexible couplings are frequently 
adapted to combine several functions 
These combinations often result in 
lower overall costs and make possible 
installations in a limited space. A 
coupling is sometimes constructed 
with one oversized member to form an 
integral brake wheel. The brake 
wheel can be of various diameters and 
widths for any given coupling size. 
Bar holes can be drilled in one of the 
coupling members where it is neces- 
sary to periodically rotate the ma- 
chines by hand. 

Shear pin couplings are made with 
a shatt sleeve engaging the coupling 
through pins designed to shear at a 
predetermined maximum torque. This 
type of coupling adds an extra factor 
of satety without requiring an appre 
cable amount of space. 

Where long shafts connect two 
pieces of equipment, a tendem cou- 
pling is often used. A tandem coupling 
multiplies the amount of misalignment 
that can be compensated, and elim- 
inates the need for outboard bearings 

A standard gear-type coupling can 
be equipped with a thrust plate to 
carry end thrust from one of the con- 
nected shafts without impairing its 
effectiveness as a flexible coupling. 
Another coupling modification pro- 
vides for endwise adjustment of the 
shaft without relocating the coupling. 
The minor modifications that can 
de made to standard couplings are al- 
most numberless. Each installation is 
liable to introduce different needs. In 


should embody the basic requirements 
ot good coupling design. The cou- 
plings should be large enough to carry 
the power of the machines, and should 
De des gned to provide maximum pro- 
tection against any misalignment that 
might occur in the system. 
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Fle 


Coupling 
Fig. 1—A typical stand, with adjustable bearing mounts, used for testing flexible couplings 
in misalignment. Power input to motor is measured by recording wattmeter seen in back. 





Fig. 2—An Oldham-typ: 
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Hydraulic Shock Absorber 


ona 

ee a 
ig kee 
ae eS 


r 


Section A-A 


” 
>» 
. 


Section A-A 


' I 


Tapered stationary rod’) |B 
ac 


Section A-A 


Hole in pistor- 


TYPE 2 


Tapered piston, 


followed by 
tapered pins 


é + nit r } 
CASE r manufacture IS Dest, 


`, 4. and 5. Type 2 requires careful profiling of 


Propuct ENGINEERING Ferruary. 1945 





Orifice Area 





lent. 


4 by 
pins 
















JOSEPH BROWN 


Engineer, Naval Aircraft Factory 













The orifice design equations derived in 
this article are used at the Naval Aircraft 
Factory. Much of the data given is from 
a thesis Mr. Brown presented to the 
Towne Scientific School of the University 
of Pennsylvania. 


















HYDRAULIC SHOCK ABSORBER ORIFICES 
may be satisfactorily designed by using 
the equations derived in the following 
discussion. These equations have the 
advantage over usual methods for 
selecting orifice configurations because 
they allow the designer to avoid te- 
dious calculations. Also the formulas 
give more accurate results than those 
of the cut and try school. 

Hydraulic shock absorbers are com- 
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Orifice Designs and Equations 


Derivation of useful equations for the design of orifices for 
hydraulic shock absorbers, buffers and dashpots. 
types are discussed and methods for obtaining values for transient 
pressures and velocities are explained. 


Five orifice 


monly used for absorbing and dissipat- 
ing undesirable kinetic energy. Other 
devices, such as springs or compressed 
air, store kinetic energy, but do not 
dissipate it. Hydraulic shock absorbers 
are used for dashpots, automobile 
wheel shock absorbers, airplane land- 
ing gear struts, recoil mechanisms on 
large caliber guns, and for many other 
applications. The usual hydraulic 
shock absorber mechanism is a piston 
sliding in a cylinder filled with a low 
viscosity liquid. As the liquid flows 
past the piston through orifices pro- 
vided for the purpose, the kinetic 
energy of the body attached to the 
piston is transferred to the liquid, thus 
bringing the piston to rest. 

Typical shock absorbers are shown 
in Fig. 1. The piston is connected di- 
rectly to the mass. It is also possible to 
make this connection through a mo- 


Performance of Shock Absorber 
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Percent 





Approximate variation of orifice area vs. piston stroke for five orifice types. Note that 
Oriice area at end of stroke is zero for Type 2 orifice only. 





tion-reducing linkage. As shown in the 
diagram, the piston rod is in compres- 
sion. This is preferable to putting the 
rod in tension, because the rod pack- 
ing is on the low presure side of the 
cylinder, thereby reducing friction and 
leakage. The reservoir shown in the 
diagram is large enough to hold the 
fluid displaced by the piston rod. 

The first orifice shown in Fig. 1 is 
known as a constant-area orifice and is 
referred to as type 1 in this discussion. 
These orifices have the same cross-sec- 
tional area for the entire stroke of the 
piston. 

Constant-area orifices are employed 
in light installations such as dashpots 
and bumpers where ease and cheapness 
of construction are more important 
than weight or precise control of 
transient pressures and decelerations. 

For heavy recoil cylinders, orifices 
are designed to effect constant- or near- 
constant deceleration. They are used 
when weight saving is important and 
cost is not. Applications are to be 
found in large caliber guns and other 
heavy machinery. 

Constant- or near-constant decelera- 
tion orifices are constructed in a num- 
ber of different ways. One type of 
constant deceleration orifice is shown 
as Type 2. Variation in orifice area is 
obtained by the action of the stationary 
tapered rods in passing through the 
piston head. The orifice cross-section 
for any position of the piston rod is 
the difference between the net area 
of the piston head passages and the 
net area of the tapered rods at sec- 
tion B-B. 

Several near-constant deceleration 
orifices are shown as Types 3, 4 and 5. 
In Type 3, the orifice 1s obtained by 
grooving the cylinder wall as shown. 
The depth of the groove is constant 
and the chord varies linearly with pis- 
ton stroke. Frequently, instead of cut- 
ting the grooves in the cylinder wall, 
the same effect is obtained by inserting 
a slotted bushing in the cylinder; this 
method has the advantages of ease of 
construction and greater facility in pro- 
viding a suitable bearing surface for 
the piston. 

The orifice shown as Type 4 is cre- 


ated by the action of the tapered piston 
head in moving into the stepped-down 
portion of the cylinder. It is easier to 
manufacture than type 3. 

For Type 5, the orifice is produced 
either by cutting slots of constant 


width and uniformly tapered depth 
in the piston head or by cutting bush- 
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slots whose edges form a helix in 
bushing. 

Orifices of types 3, 4 and 5 are com 
promise designs between types 1 and 2. 
They are used if near-constant de- 
celeration characteristics are required 
and are not quite as costly to manu- 
facture as type 2 where the pins must 
be cut with a non-uniform taper. The 
approximate variation of orifice areas 
with piston stroke for all five types is 
shown in Fig. 2 


tne 


Other orifice forms can be designed, 
but they will be variations or combi- 
nations of the five types shown. There 
are also many variations in dashpot 
mechanisms, but the orifice principles 
remain the same, regardless of linkages 
or other artifices. A cut away of an 
actual cross head buffer equipped with 
a Type 3 orifice is shown in Fig. 3. 


DERIVIATION OF EQUATIONS 
The following symbols are used: 


total orifice area, in.? 
piston area, in.? 
orifice discharge coefficient, 
- diameter cylinder, in. 
piston diameter, in. 
piston dia at start of travel, in. 
energy absorbed by fluid, ft Ib 
= acceleration, ft/sec? 
foree on piston, lbs 
acceleration of gravity, 32.2 f 
pressure, lb/in.? 
piston travel from start, in 
full stroke of piston, in. 
velocity of piston, ft/sec 
velocity of fluid, ft/sec 
WwW weight of body to be slowed, lb 
~ density of fluid in cylinder, lb/ft? 


t/sec* 


The minor effects of mechanical and 
fluid friction, weights of moving parts, 
spring forces, and fluid elasticity are 
neglected in the following derivations 
of orifice design formulas. In a later 
article on the application of orifice 
formulas, the effect of these quanti- 
ties will be taken up. 


By Bernoulli's theorem 


1447 2p 


2g X 144 
Hence, force on piston is 
Ap = y2V2A 


IRS 


Work done by piston during stroke is 


Fds/12 


This equals the change in kinetic 


energy of the mass to be stopped. 


Hence 


By the continuity equation 
V = Av/a 


Therefore \\ I velocity. of weight W 
at start of stroke 


Differentiating and dividing through 
by 7 


W d l’a 3456a 


Also we have from above 


1 Pd INN 


TYPE 1 ORIFICE 
Here the orifice area is constant. 
tegrating Eq (1) 


j 
1 


ait 


É 450 


In the foregoing equation, if vw is 
set equal to zero, it will be seen that {s 
is infinite. Theoretically then it is im- 
vossible to bring the weight to a com- 
plete stop. However, v can be reduced 
to an arbitrarily small magnitude. The 
maximum pressure can be found from 


Air cross connection to twin buffer 
Air pressure gage 


Connection to ships 


low pressure air supply a 


Pounds pressure 
per square inch —— 


Air valve 


Piston 


Retainer 


Direction of flow of 
liquid through tapered 
orifice during piston 
stroke and refraction 


Expansion tank gasket Drain 


Packing ring 


Cylinder orifice 


Piston and rod packing 


Direction of piston 


Eq (2) by substituting the maximum 


velocity for v which is, of course, v, 
TYPE 2 ORIFICE is designed to effect 
constant deceleration, and the problem 
is to determine the orifice size varia- 
tion. Dividing both sides of Eq (1) 
by dt 


For this type of orifice, f is constant, 
hence: 


and 


Therefore 
A? 
28877} 
from which a may be solved for any 
point along the travel s. Since f is con- 
stant, p is constant and 


p= F/A = WfjgA 5 
It is evident that pmax will be least for 
this type of orifice. 


instruction 
plates 
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Expansion tank 


Direction of flow 
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motion when braking 


. 3—Cut-away of a cross-head buffer equipped with Type 3 orifice, 


showing typical design 
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Type 3 ORIFICE 

The usual method of solving for 
velocity is to divide the stroke into 
a sufficient number of small segments 
and compute the pressure over the first 
segment using Eq (2) and assuming 
that v = v. is constant over the whole 
segment. The deceleration is then 
computed using Eq (5). The velocity 
for the next segment is found re- 
membering that 7 = v? — 2fs/12. 
This process is repeated until the 
velocity is found for every segment. 
The disadvantages of this method are 
as follows: 1. The fewer the segments 
taken, the more the point of maximum 
pressure is moved toward the begin- 
ning of the stroke. By integration, the 
actual point of maximum pressure is 
found to be nearer the end of the 
stroke. 2. Any error at the beginning 
of the calculations will necessitate 
starting over from the point of error; 
moreover the error is cumulative; 3. 
Many times, after all the work of 
computation is carried out, it will be 
tound that the entire stroke has not 
been used efficiently, in that v be- 
comes negligible too soon along the 
troke (thus introducing higher pres- 
sures than are necessary), or that v 
is too high at the end of travel caus- 
ing shock absorption to be inadequate. 
This applies to step-by-step computa- 
tons carried out for type 4 and 5 
orifices also. The following method 
simplifies the procedure. 
_ If the width of the slot is described 
by the following expressions [see Fig. 
4(A) and 4(B)}. 


i k 
o — x)/s = k where —— also equals 


2 


tan (¢/2) 
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Geometry of tapered cylinder slot for Type 3 orifice. Slot is easily machined. 


and sin (¢/2) = x/de = (xo — ks)/de 
ks = x9 — de sin (@/2) 

and ds = — de cos (ġ/2)dø/(2k 

Also from Fig. 4(B), 

Let 


= number of slots 
t = thickness of slot, in. 
0 = angle of slot, radians 


n 


Then 
a = d.6in/2 
Substituting in Eq (1), 


2 43d. cos (0/2)d0 





WB desl oy tak: Scab eeaen oee e 
6912 k de 2 )22n2¢2 
Integrating, 
A v yc? As 
W loge — = ~m X 
* vo 13,824 d-k(tn/2)? 
— cos (0/2) 6 9/2)8 6/2)5 
em tIS SLs 


The first two terms of the brackets 
will normally be a close enough ap- 
proximation because the series con- 
verges very rapidly. The maximum 
pressure then can be obtained by sub- 
stituting for v in Eq (2) from Eq 
(6), differentiating with respect to 6 


and equating to zero. However, plot- 
ting is simpler and more practical. 


TYPE 4 ORIFICE is produced by the 
conical piston sliding through the cyl- 
inder entrance. The slope of the pis- 
ton sides is defined by D — D,/(2s) 

k. Also a = 0.7854 (d,2 — D?*) 
taken at the cylinder entrance. Sub- 
stituting for a in Eq (1) and noting 
that A = 0.7854D’, 


~ Pha [a 
vera 3456 LO. 7854? (@?. — D*)? 
0.7854 yc? Dêds 
ee (ee D 





2sk + Do = D 
then 
ds = dD/(2k) 
Therefore 
Dê dD ye 
ar i | UI SS 
W do/v = (a2, — D*)? S800 & 
Integrating, 
i Yo OY 
W loge F m 8800 & 


D5 + 5dè D? — (15/2) dD , 
[ 3(d2 _ D?) 
Sd 


> 3, de + D D mN 

y loge Lep D. (/) 
v may be solved directly for any D or 
s for a convenient number of points; 
the corresponding values of pressure 
then may be computed using Eq (2) 
as explained for the type 2 orifice. 


TypPE 5 ORIFICE area varies directly 
with the length of stroke. The varia- 
tion of orifice area may be expressed as 


a = dao — ks and ds = — da/k 


Substituting in equation (1 


— W dojo = ye Ads/(3456 a) = — 
Y {A —a 3 da 3456a7k 
— yc?(.43 — 3 42a + 34a? — a®)da 
3456ka? 
Integrating, 





A Pay A’ 
W loge (2/%) = satel |- =a 


í ala i 
3Aa — g" (8) 
& Ío 


Maximum pressure for this type orifice 
may again be found as the sections 


a 


dealing with types 3 and 4 orifices. 


34? logea + 


SINCE 1889, the recognized unit of length has been the distance between 
two lines scratched on the surface of a platinum-iridium bar reposing in 
the building of the International Bureau of Weights and Measures, Paris, 
France. The meter distance between the marking lines was first suggested 
as a length unit in 1790. It was defined as one ten millionth of the earth’s 
quadrant. Precise measurements are now made by use of light wavelengths 
from the cadmium red line. The human eye is not too sensitive to red, 
and the cadmium red line is too wide for accurate measurement, so the 
green line of mercury isotope 198 is being considered for the ultimate 


standard of length. 
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Buicks New Dynaflow Transmission 


Free wheeling bladed reaction units added to a hy- 
draulic coupling form the torque converter that is the 
heart of the 1948 Buick Dynaflow automotive trans- 
mission. These free wheeling units give automatic 
directional control to the oil flow in the converter as 
it leaves the turbine and enters the pump. Thus the 
engine torque is automatically multiplied by the 
torque converter according to the torque require- 
ments of the rear wheels and all normal driving can 
be done without manual or automatic gear shift con- 
trols. 

The Dynaflow transmission is controlled by a man- 
ual control lever on the steering column that operates 
a hydraulic shift control valve. There are five posi- 
tions in the shift quadrant: “park,” “neutral, ” “direct 
drive,” “emergency low” and “reverse.” Neutral posi- 
tion is required for safety while starting engine and 
permits engine idle adjustments. Direct drive is used 
for all normal driving in forward speeds and con- 
nects the torque converter directly to the propeller 
shaft. Emergency low engages a gear reduction and 
is used for abnormal driving conditions when 


encountering heavy loads requiring added accelera- 
tion. When shifting from emergency low to direct 
drive the transition is smooth and positive. The park 
position brakes the rear wheels and the reverse posi- 
tion changes the direction of rotation of the transmis- 
sion output shaft. When coasting, the torque con- 
verter operates reversely and permits the engine to 
be used as a braking force. The engine can be started 
by pushing the car. 

Dynaflow transmission unit is approximately 24 in. 
long overall and mounts to the engine through a 17 
in. dia flange. The unit weighs 2174 lb without vil 
It supplants conventional flywheel, clutch and trans- 
mission units weighing 170 lb. Eleven quarts of oil 
are carried in the pump and converter unit. When in 
operation 8 quarts are used in the converter and 3 
quarts are required to operate the hydraulic controls 
and provide lubrication. Individual converter blade 
units are aluminum alloy plaster mold castings with 
finned sections that are 0.015 in. thick at their edges. 
Transmission housings are iron castings. Oil pan is 4 
sheet metal stamping. 

1948 
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TRANSMISSION COMPONENTS include torque converter, 
multiple disk direct drive clutch unit and a planetary gear unit. 
Front transmission pump is driven by the engine and a smaller 
rear pump by the rear axle through the output shaft. These 
ndary stator oil circulating pumps are the internal gear type and supply oil 
for the torque converter, hydraulic control system and lubrica- 
ay shae tion system. Rear pump is required to operate the direct drive 
ra- clutch when pushing the car to start the engine. In direct drive 
Ct y ; over 45 mph it supplies all the necessary oil for the transmission. 
tk re Parking brake consists of a ratchet wheel splined to the axle 
si- l shaft and a pawl anchored to the transmission case. When the 
is- shift control lever is shifted to the “park” position the paw! 
N- mechanically engages the ratchet wheel thus braking the rear 
to wheels. 
ed 
in. 
74 
vil. 
ns- = ' ee 
oil TORQUE CONVERTER consists of a primary pump, secondary 
in pump, two stators and the driven turbine unit. | Che primary 
3 pump is bolted to the flywheel and turns at engine crankshaft 
ols speed. lhe secondary pump is mounted on a free wheeling clutch 
de on the primary pump hub. The two stators are eac h mounted on 
ith free wheeling clutches that are attached to the stationary reaction 
es. shaft. 
sa 
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SECONDARY PUMP OVERRUNS the 
primary pump in the first stage when start- 
ing the vehicle or when accelerating or en- 
countering heavy loads. By permitting the 
secondary pump to overrun, the excessive 
turbulence and subsequent efficiency drop 
that would occur if the high velocity oil 
struck the back of the vanes on the secondary 


} l Ip I5 avoided 


T 
A 


SECONDARY STATOR 


begins 


PRIMARY AND SECONDARY 


$ at PON 


SECONDARY PUMP TURNS 
with the primary pump in the sec- 
ond stage of operation when oil 
flow velocity is reduced and the 
oil no longer impinges in the back 
of the secondary pump vanes. The 
transfer between the first and sec- 
ond stage of operation takes place 
gradually as the load changes. 


ee 


STATORS ARE HELD STA. 
TIONARY in first stage of opera- 
tion when starting the vehicle. This 
is done so that the stators can ab- 
sorb large reaction forces to exert 
directional control of oil flow 
between pump and turbine when 
high torque multiplication is re- 
quired to accelerate the vehicle. 


{Qh 


3 
N RT 
> 


FREE WHEELING of the secondary pump 





to turn with the pump as the tur- 
bine picks up speed. Since the 
reaction force is thus decreased, a 
condition is reached when the 
secondary stator no longer carries 
any load 


then carried 


The secondary stator is 


with the rotating oil 


nd free wheels. 


STATORS turn with the pump as 
the turbine approaches the speed 
of the pump. The torque multi 
plication requirements are reduced 
and there is no reaction force 
against the stators. The converter 
functions as a fluid coupling be- 
tween the rear wheels and engine 


and two stators is accomplished by mount- 
ing the individual units on their respective 
shafts with overrunning clutches. When the 
individual units are turned in one direction, 
six rollers are wedged in a tapered path and 
lock the units to the shafts. In the opposite 
direction, the rollers are in the clear and the 
units can rotate freely. 


Propuct ENGINEERING — FeBruary, 1948 





Lubrication 
ne to the 


E O 


utch and gear set 


= —_ 


| || 40 4ang, apply 
piston and 
anchor piston 

Front of] pump 

aE o 


l A 


Rear oil pume 
= 


f t | 
i UU Np Va 
Lubrication * 9/ scree 


pressure ł 
regulator 





NEUTRAL 


Converter pressure regulator 








yue converter 





:Note:- 

L -Speedometer gear z 3 reverse planet pin 
Parking ratchet wheel $ with 3 low planet pinions anda 
i $ are mounted on the rear planet 
z carrier. 

- Low planet pinion Reverse planet pinions also mesh 
with reverse gear and low range 
reaction gear. 

Power flow schematic Low planet pinions also mesh with 


reverse n aear 


I - Rear planet carrier 
— Input 
Shaft # 
--~— Starting gear 


IN NEUTRAL POSITION the planet circuit shows the oil fow and pres- clutch and planetary gear set. The 
carrier is stationary. Direct drive sure conditions when the shift control restricted metering orifice and the 
clutch, low and reverse bands are re- is in neutral position. Oil is blocked converter pressure valve are designed 
cased. All gears rotate on their in- from entering the pressure lines to to maintain a pressure of 35 to 40 psi 
dividual axes. A neutral safety switch either of the servo pistons or the di- in the converter. Lubrication pressure 
permits engagement of the starter rect drive clutch. The front pump regulator is set for 15 psi. Engine 
only when the shift lever is in neutral supplies oil for the torque converter cooling water is circulated through the 
or park position. Hydraulic control and lubrication for the direct drive oil cooler. 
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Converter pressure regulator 


IN EMERGENCY LOW, the low 
band is applied to the low range reac- 
tion gear and holds it stationary. Both 
direct drive clutch and reverse bands 
are released. The power flow is from 
the input shaft through the planetary 
reduction to the rear planet carrier. 
This connection introduces a gear re- 
duction of 1.82 to 1 in the driving 
system. The combination of this gear 
reduction and the torque multiplica- 
tion in the converter gives an equiva- 
lent gear reduction of approximately 
4.1 to 1 at the propeller shaft. 

Oil pressure is increased to 180 
psi to operate the low brake band. 
Oil pressure from the front pump is 
directed to the low servo piston and 
also to one of the boost chambers in 
the pressure regulator valve. The 
addition of oil pressure to spring 
pressure raises the pressure from 90 
pst to 180 psi. An accurnulator in 
the apply line gives rapid, smooth en- 
gagement of the band by permitting 
a large flow of oil up to the point of 
band application and reduces the flow 
during application. As the vehicle 
begins to pick up speed the rear pump 
also begins to supply oil to the sys- 
tem. The low relay line is included 
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to provide an alternate oil supply to 
the low servo during movement of 
the anchor valve. 

At the moment of shifting, oil 
flows through the low apply line to 
the servo. Oil pressure is also ad- 
mitted under the anchor piston, and 
supplements the spring pressure. As 
oil pressure builds up and locks the 
low band, the reaction force on the 
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Power flow schematic 


band moves the anchor piston against 
the spring and oil pressure forces anc 
cuts off the low apply line and opens 
the low relay line, which continue 
to apply pressure to the low servo. 
Check valves in pump pressure lines 

revent either working pump from 
bleeding into idling pump. The fina 
condition in low range as the vehicle 
starts to move is illustrated. 
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IN DIRECT DRIVE the output shaft 
and input shaft are locked together. 
This is the normal connection for 
all ordinary forward driving condi- 
tions and takes full advantage of the 
torque convertor by using no shift or 
clutch controls. This locked condi- 
tion is accomplished by applying the 
direct drive clutch, which locks the 
low range reaction gear to the input 
shaft. The gears in the planetary 
unit do not rotate and the entire as- 
sembly turns as a unit. 

Hydraulic circuit shows the pres- 
sure conditions in the driving range 
inder 45 mph. An accumulator in 
the clutch apply line is used for the 
same purpose as the low accumulator 
ind serves to engage the multiple 
disk clutch smoothly. When it is 
necessary to shift from low to direct 
drive the low band is released and 
the direct drive clutch applied grad- 
ually as follows: When the control 
ver is moved from low to direct 
itive, the shift control valve, through 


inst 
and 
ens 
ues 
rvo 










we he low relay line, still maintains 
na pressure in the low servo. At the 
icke ‘ame time, pressure is directed to the 





lutch apply line through the low 
and anchor valve. This oil line by- 
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the direct drive accumulator. 
When the clutch begins to engage, it 
starts to rotate the low range drum 
in the opposite direction to the reac 
tion force which held the anchor 
valve. The spring and oil pressure 
forces under the anchor valve move 
it to the position shown. The low 
servo line is connected to the low 


apply line, which is open to the sump, 


passes 
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Power flow schematic 
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and thus all pressure on the band is 
released. 

Above 45 mph added efficiency is 
gained by permitting the smaller rear 
pump to supply all the oil to the 
transmission. This occurs when pres- 
sure from the rear pump is greater 
than 90 psi, which causes the front 
pump check valve to close and oil 
from front pump flows to sump. 
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[IN REVERSE, the reverse drum band 
is applied and the low band and di- 
rect drive clutch are released. Power 
is applied through the input shaft 
and the driving sun gear, which travel 
in the same direction. The planet 
carrier and output shaft thus travel 
in the opposite direction. A gear 
reduction of 1.82 to 1 is introduced 
by this combination. 


102 


View of va/ve body 
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| 20 band, apply 
piston ana 
anchor piston 


gear 


Reverse band applied 


Reverse planet pinion 


Speedometer gear 


Parking ratchet wheel! 


Rear planet carrier 


low planet pinion- 


Power flow schematic 


Oil pressure of 180 psi is required 
to operate the reverse band. Oil 
pressure is directed to the reverse 
servo piston and the second boost 
chamber in the pressure regulator 
valve. In contrast to the low band 
design, the reverse band anchor is 
solidly attached to the transmission 
case. In both reverse and neutral, 
the low range drum and the direct 


drive clutch piston revolve at higher 
speeds than the input shaft. To stop 
the centrifugal force of the oil in the 
clutch apply chamber from partially 
engaging the clutch, a ball check and 
vent are included in the system. The} 
prevent this action by letting oi! drain 
from the apply chamber. Suction 
during draining is prevented by vent- 
ing the clutch pressure line. 
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All Sheet Metal 


Compressor 








Housing 






The number of punch press operations 
on this hermetically sealed compressor 
housing were reduced by designing 
shallower depressions in the housing 











shell and substituting mounting brack- 
ets that are projection welded to the 
housing. A large base was replaced by 
two stamped legs thus saving material 
and reducing the number of press 
operations. The gage of the brackets 
was changed to correspond with the 
housing material, which permitted the 
salvaging of the scrap corners from 
housing stamping operations. Housings 
are made by the Acklin Stamping Co., 
Toledo, Ohio, for the Tecumseh Prod- 
ucts Co., Tecumseh, Mich. 











































UPPER HOUSING has two mounting 
brackets that are projection welded on 
the outside of the housing. The stamp- 
ings for this assembly and all other 
stampings except the terminal plate are 
made from 0.1196 in. thick hot rolled, 
pickled and oiled sheet steel. 


FEA 


Mounting brackets 



















Upper housing 1 
with brackets assembled Upper housing 





LOWER HOUSING has two stamped pr 
legs projection welded on the bottom. f 

In assembling, spring studs are first 
swedged to the internal mounting brack- 
ets. Three terminal bushings are welded 
to the housing. The terminal plate is 
then assembled to the housing i pro- 
jection welding. The three internal 
mounting bracket assemblies are welded 
to the housing in one operation. Ter- 
minal plate is 0.2187 in. thick hot rolled, 
pickled and oiled steel stock. Only the 
terminal bushings and spring studs are 
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Needle Bearing Stabilizers 


Open Side Horizontal spindle Hydraulic Surface 
Grinders built by the Hill Acme Co., Cleveland, Ohio, 
have needle bearing stabilizers that maintain grind- 
A double hydraulic 


system provides independent operation for the table 


ing wheel spindle alignment. 


and cross feed, thus permitting the wheel to be 
dressed by power. Hydraulic cross feed can be set at 
a constant feed or adjusted for { in. to 2 in. jump 
feed at each reversal of the table. Spindle head can 
be manually operated or locked in place for form 
grinding operations. Grinders having these features 
are built in three table widths: 18 in., 24 in. and 30 
inches. Bed length is approximately twice table length. 

Open side grinder has cast alloy bed of box type 
construction with machined flat and vee ways. Table 
is also an alloy casting that is ribbed and normalized 


Maintain Alignment 


to prevent warping. Table ways are ground. Cast alloy 
column has ground bearing surfaces for supporting 
head. 


machine. They include: a fan cooled spindle motor, 


wheel Five electric motors are used in this 
hydraulic pump motor, rapid traverse hoist motor, 
ways lubricating pump motor and coolant pump mo- 
tor. Hydraulic table drive system is operated by 4 
Vickers vane type rotary pump, which supplies oil to 
two opposing pistons. Variable table speeds from 10 
to 100 rpm are possible. No gears are used in either 
the table drive or cross feed drives. Pumps and valves 
are in a steel tank. All operator controls are mounted 
in the panel at the front of the machine. One-shot 
lubrication system provides lubrication for 19 points 
in the grinder. Welded steel coolant tank is at the 
rear of the machine. 
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TWO SPRING TENSION needle 

bearing stabilizers are mounted on 

the saddle at the back of the grinder. 

Limit switch Lalumnn evthine They travel on the flame hardened 
rapid over travel - ground column bearing surface. These 
a A TA A: i _-Taper gib stabilizers maintain spindle alignment 
Limit switch i e G 4a while the grinding wheel moves 
mp eS ee _ across the work. A long adjustable 
ü Ra — tapered steel gib is included in the 
|- Rail raise saddle to supplement the stabilizers 

screw in maintaining alignment. 


flame 


ee ! i |i 3 SPINDLE BEARINGS are built into 
Collapsible 'y—--—}-*t “te: +-} a the 25 hp motor housing. Rear bear- 
a j ; H B: ing is an extra heavy precision pre- 
ool loaded double row ball bearing de- 
j signed to carry end thrust and radial 
load. Front spindle bearing shown 
is adjustable and is provided with 
— i AN.. pressure lubrication. It consists of a 
stabilizer t k k | ‘i : cast iron sleeve and bronze bushing 
mm. RY SE a k ; assembly. Bushing is undercut on the 
Needle "7 i housing “Grinding| outside diameter to allow for expan- 
bearing -- ea ; a: — sion. Inside diameter of bushing has 
concave relief and oil grooves. Ad- 
justment is made by shimming the 

two halves of the bearing insert. 
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Hydraulic 


System Seats 
and Lifts 


Oil Well Pump 


The Kobe Free Type Pumping system uses hydraulic 
pressure to seat, operate and lift a ‘subsurface hydraulic 
oil well pump. Developed by Kobe Inc., Huntington, 
Calif., this system reduces the number of men and 
time required to lift deep well hydraulic pumps for 
repair operations. Rod or fixed type hydraulic pumps 
require a crew of four men working 8 hr to pull and 
re-run the pumps to a depth of 5000 feet. The Kobe 
system permits one man to retrieve and re-run the 
pump to a depth of 5000 ft in less than two hours. 
Three types of installations are used with this system: 
parallel-string, concentric-string and casing type. The 
Parallel-string installation is described. Pump produc- 
tion unit is trapped by a catcher device when it reaches 
the top of the power tubing. The catcher and pump 
assembly are lifted by a block and tackle suspended 
from a rod extension mounted on the flange on top 
of the casing. Production units range in sizes from 


1j in. dia by 78} in. long to 3 13/16 dia by 204 in. 
sng 


Fump intake Pump intake 


Engine Valve Valve rod Piston lubrication valve Pump vake Balance 


S (alve - » far Engin port i 
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SUBSURFACE PRODUCTION UNIT consists of a hy- exhausted into the production column. Pump at the right 
draulic engine and a displacement pump. The engine at of the unit is a double acting reciprocating piston pump. 
the left of the unit is a double acting reciprocating hy- Pump piston is driven by a middle rod that is oranin to 
draulic engine with motion controlled by a hydraulic valve. the piston of the engine. Pump intake is located at the 
Engine is driven and lubricated by the power oil which right, which is the bottom of the unit. Piston and rod 
is transmitted from the surface through small tubing and system is drilled for hydraulic balance and lubrication. 
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Standing both Pumping in Operating pump 
lines standing pump being landed at bottom 
full pumped down operating 








FIG. 1 FIG.2 FIG.3 


PARALLEL SYSTEM shows 


a well, 


duction tubing stand full of oil. 
shown, at the surface has three operating positions: “shut- 


the tubing arrangement in 
With standing valve closed both power and pro- 
A four way valve, not 


off and bleed,” “pump in” and “surfacing.” 

The shutoff and bleed position is shown in Fig. 1. Stand- 
ing valve assembly is retrievable and can be pulled by a 
fishing tool on a wire line. A knockout bleeder pin, 
which is broken by the tool, is built into the valve. Stand- 
ing valve is held off seat magnetically during pumping 
operations. 

In Fig. 2 the pump is shown insert ted with the catcher 
head assembly in place and the tubing closed. Power oil 
is circulated down the large tubing, pushing the pump 
down. The pump has re ached the bottom-seating in the 
shoe in Fig. 3. The O-ring on the pump is in the packing 
collar. The power oil forces the O-ring to seal and the 
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Standing gpen-held of F Standing Standing vale Standing 
valve seat by valve closed as pump valve 
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Surfaced 
pump landed at 
top,caught in 
catcher for removal 


FIG. 6 


Unseating 
power oil applied 
to bottom of pump 


Pumping out 
reversed flow 
forces pumpup 





FIG. 4 FIG.5 


pump operates. Pumped fluid and exhausted power oil 
return to the surface through the small tubing. 

The surfacing operation has begun in Fig. 4. Four way 
valve at surface has been turned to direct the power oil 
down the small tubing. As the pump unseats, a quick 
rush of oil through the standing valve overcomes the 
magnet force and the ball check closes. 

The flow is shown in Fig. 5 forcing the pump up the 
tubing. When the pump is forced from the seat, the full 
area of the pump packer becomes effective lift area and 


a smaller amount of pressure is required to surface the 


unit. Oil pressure in the power line builds up to 850 
psi when it kicks pump unit off seat and drops below 500 
psi as the pump starts up the tubing. The pump has 
reached the surface in Fig. 6 and is latched in the catcher. 
Four way valve is in the shutoff and bleed position and 
the catcher has been loosened to lift pump from tubing. 
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Polar Recorder 
Has Optical 


Centering Device 


A light source placed beneath a 0.021 in. dia. 
centering hole in a recorder turntable permits 
the centering of charts on the A.I.L. type 116 
Polar Recorder developed by Airborne Instru- 
ments Laboratory Inc., Mineola, N. Y. De- 
signed originally to plot aircraft antenna 
radiation patterns, the recorder will chart 
voltage on either a linear or a logarithmic 
scale as radial distance against angular posi- 
tion. An ink trace approximately 0.025 in. 
wide is obtained by a combined pen and 
reservoir carried on a low inertia carriage. 


PORTABLE RECORDER is inclosed in a 
gasketed steel carrying case. Standard 8} in. 
by 11 in rectangular polar plotting paper or 
a 134 in. dia circular chart can be used on the 
turntable, Chart is held on the steel chart table 
with small Alnico magnets. This method of 
nounting the chart facilities rapid removal of 
nk charts. Controls are provided for pen 
carriage zero adjustment and for manual con 
trol of speed and direction of turntable ro 
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_ 0.02!" dia. centering hole 


Sy EEN 
3 


`~ Recorder turntable 


~~~ Light Source 


OPTICAL CENTERING DEVICE is made by 
mounting an incandescent lamp in the hollow turn- 
table spindle beneath the centering hole. Turntable 
shaft is supported by two roller bearings. 


PEN CARRIAGE is driven by the pen motor through 

a gear reduction and cable drive. Spring keeps cable 

Pen servo tight on pulleys and drum. By using a stainless steel 

pen carriage sliding on stainless steel rods, the tend- 

ency of dust to pack under the rods of a roller-sup- 

ported carriage is avoided by the sliding action 

aiia í . which continuously cleans the rods. Light construc- 
stee/ rods’ \ / tion of the pen carriage and carriage drive reduces 
‘ inertia forces that often cause overtravel of the pen. 


Sheave 


DRIVING MECHANISM is mounted beneath the 
turntable. Frame, turntable support and pen carriage 
arm are cast aluminum. These parts are dipped, 
primed and painted to prevent corrosion. All gears 
and most of the small parts are free-machining stain- 
less steel, which does not require plating for either 
resistance to corrosion or improved sliding character- 
IStICS. 


Cab/e arum - 
and gear 


Adjustable arm 


Eat i 
Spur gear positioning pos fi 


morrn EEC LILLEETETEETTTET 
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Chart Pen carriage 
centering arive motor 
Servo control hight source Servo control and cable drum 
trans former trans former 
(36.1) gear ratio (1-1 gear ratio) 
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Notch 
Toughness 


of Steel 


Plates 


D. F. WINDENBURG 


Chief Physicist, David Taylor Model Basin 


THE PROBLEM of how to measure 
notch toughness of steel plates has not 
yet been solved, but much progress 
toward a better understanding of the 
basic behavior of notched specimens 
has been made. On April 20, 1943 a 
board was convened by the Secretary 
of the Navy to investigate the causes 
of fracture that were then occurring 
in welded merchant vessels. A month 
later the board appointed a sub-board 
to study the entire problem in detail. 

The economical method of approach 
to the problem was to investigate in 
sequence the three phases: Design, 
fabrication, and materials. But since 
this was the most crucial period of 
the war, time was all- -important ; conse- 
quently all three phases were investi- 
gated simultaneously. The immediate 
issue was how to save the vessels then 
in service from fracture and how to 
build the rest of the merchant fleet 
so that the vessels would not fail in 
service. 

For background information, the 
sub-board made a careful study of all 
the ships that had fractured in service. 


The opinions erpreseed in this article are those of 
the author and are not to be construed as oficial 
opinions of the United States Navy Department. 
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Sistine Hee 


Fig. 1—The % in. steel plate in this 600,000-Ilb universal testing machine, at the David 


being tested 


causes of 


Model Basin, is 
determine the 


W. Taylor 


investigate and 


This study brought out 
tant facts, some of which have been 
enumerated in the previous article 
Significance of Impact-Test Data in 
Design of Engineering Structures,” 
PRODUCT ENGINEERING, September, 
1946, p 81. This study called atten- 
tion to poor design in the form of 
discontinuities in certain strategic 
places. Discontinuities are always po- 
tential sources of trouble, but if prop- 
erly faired without abrupt transitions 
concentrations can 


many ımpor 


excessive stress 
usually be avoided. 
Another result of this study was 
to show that many of the cracks started 
in or near welds, especially at cracks 
adjacent to the welds. This pointed 
the finger of suspicion towards the 
welding, especially since it was well 


structural 


undertaken to 
merchant ships. 


with a study 
welded 


connection 
failures of 


known that the welding process pro- 
duced severe residual and locked-in 
stresses. Considerable difference of 
opinion existed as to how important 
these stresses were in causing cracking, 
many people believing that they were 
the major source of the trouble. This 
phase of the problem was attacked 
eneugiticeiiy by several different lab- 
oratories under the direction of the 
sub-board through the War Metallurgy 
Committee of the NDRC. They foi ind 
high residual stresses and high 
locked- up stresses, as was suspect ted, 
but they were unable to find real evi- 
dence that these stresses were an im- 
portant factor in the fracture of 
welded merchant vessels 

One important fact brought out by 
the study of fractures was the peculiar 
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rid 
to slots cut in the tensile-test specimens. For eacl 
ps. 
o- § ‘racture of the steel. The cracks were 
in ff} 2! of the cleavage type, that is, the 
of ff ‘uttace of separation was perpendicu- 
nt ar to the plane of the plate; whereas, 
g, when coupons were cut from the same 
re f Material and pulled in a static testing 
is f machine the ruptures were of the shear 
ed Ẹ pe with the surface of separation 
b- fF * approximately 45 deg to the plane 
he $ the plate. Moreover, when frac- 
gy ed in a ship, the plating absorbed 
nd ff ly a small amount of energy as was 
gh Ẹ manifested by the low ductility and 
od, e negligible amount of thinning at 
yi- the fracture, whereas, when coupons 
m- ğe pulled statically they absorbed 
of Ẹ arge amount of energy and met the 
tandard ABS Specifications for ductil- 
by fy. These observations indicated that 
iat ff ¢ material did not behave the same 
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Fig. 2—(A) Form of a typical tensile-test specimen. (B) Details of some of the internal 


h type of notch, specimens were tested over 


atemperature range such that fractures were both of the shear and of the cleavage type. 


in the ships as when tested under 
standard acceptance tests. Something 
in the ships was apparently inhibiting 
the ability of the plating to flow plas- 
tically. Consequently, serious study 
was given to the steel itself. 

After the many years of building 
steel ships, it seems rather anomalous 
that structural engineers did not have 
a good basic understanding of the 
properties of the steel from which the 
ships were built. Shipbuilding steel 
had been taken for granted as long as 
it met standard ABS specifications. 
Here engineers were oain with 
a situation where the common garden 
variety of shipbuilding steel did not 
live up to expectations based on ac- 
ceptance tests. In a word, when built 
into a ship, the steel seemed to lose 
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its ability to deform plastically and 
thereby to absorb energy. 

Along with other laboratories, the 
David Taylor Model Basin was as- 
signed the job of investigating the 
behavior of shipbuilding steel. It was 
known from simple theory that tri- 
axial tensile stresses resulted in low 
shearing stresses and thus inhibited 
plastic flow. It was also known from 
experiment that steel became less 
ductile as the temperature was de- 
creased, becoming brittle at low tem- 
peratures. 

It was difficult, however, to envision 
conditions on a ship that would reduce 
the shearing stress and the ductility so 
much that brittle fractures would occur 
at nominal working stresses. 


TENSILE TEST SPECIMENS 

To develop some type of tensile 
specimen by which the transition from 
ductile to brittle fracture could be 
studied in plate specimens of appre- 
ciable size, tests were made on speci- 
mens of the full thickness of the 
plating and of widths ranging from 
3 to 72 in. Most of the specimens 
tested at the Taylor Model Basin were 
of rimmed steel, 3? in. thick, 12 in 
wide, and 24 in. long. Internal slots, 
terminating in notches of different 
types, were cut in the specimens before 
testing. A typical tensile test speci- 
men and details of some of the in- 
ternal slots are shown in Fig. 2. The 
length of the slots ranged from 3 to 
9 in. Also, to obtain different sharp- 
nesses of notch at the ends of the 
slots, radii of about 0.01 to % in. were 
used. Slots of Types A, B, and D 
terminated in a jeweler’s-saw cut. Slots 
of Types C and E terminated in a 
drilled hole corresponding in radius to 
the notch of a keyhole Charpy test 
specimen. Drilled holes 3, 4, and 3 
in. dia were also used. 

The specimens were pulled in a 
static testing machine at constant tem- 
peratures. Care was taken to main- 
tain the temperature constant through- 
out the progress of the tests. In re- 
gions where the most severe plastic 
flow was expected, the temperature 
was checked by several thermocouples 
peened in the specimens. The heat 
caused by the plastic flow was dissi- 
pated after each increment of load 
before the next increment of load was 
applied. Thus the specimens were 
tested under essentially isothermal con- 
ditions. For each type of notch, a 
series of specimens was tested over a 
temperature range such that the frac- 
tures were both of the shear and of 
the cleavage type. 

Most of the specimens were ruled 
with grids of equally-spaced fine lines, 
so that the plastic deformations could 
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be observed. Besides visual observa- 
tions of deformations and the type 
of failure, the overall elongation was 
measured for each increment of load. 
Thus, from the data it was possible 
to determine the total amount of en- 
ergy absorbed by each specimen, as 
well as its ultimate load, the load 
which yielding began, and the type of 
fracture. It was realized that the total 
energy absorbed gave but a poor indi- 
cation of the energy absorbed per unit 
volume at points of high plastic flow, 
but these tests were intended to be 
exploratory only and were to be used 
in pointing the way to a type of speci- 
men that would give the basic infor- 
mation required. 
RESULTS OF TESTS 

Some of the specimens tested are 
shown in Figs. 3, and 5. Fig. 3 
shows a specimen under test at a 
temperature of 100 F. Note the in 
local strain at the ends of the 
= Although this notch termin 
ated in a jeweler’s-saw cut, the severe 
plastic: flow has so changed the shape 
of the notch that it appears to termin- 
ate in drilled 1 in. in 
diameter. 

The specimen shown in Fig. 4 has 
begun to rupture. This type of rup- 
ture is referred to as shear rupture. 
The surface of rupture is on a shear 
plane about 45 deg to the surface of 
the plate. The specimen has elongated 
considerably under load and conse- 
quently has absorbed a large amount 
of energy before rupture. 

In Fig. 5 is shown a specimen after 
cleavage fracture at a temperature of 
75 F. Both faces of the fracture are 
shown. It will be observed that the 
fractured surfaces are perpendicular 
to the surface of the plate. This speci- 
men elongated only slightly under 
load and consequently absorbed only 
a small amount of energy before frac- 
ture. 

The results of the tests conducted 
at the David Taylor Model Basin can 


tense 


holes about 


Fig. 3—Specimen under test at 
ture of 100 F. Notch 
jeweler’s-saw cut, but 
changed the 


a tempera- 
terminated in a 
plastic flow has 


\ 1 
shape t notch 
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best be visualized from an inspection 
of the plotted data. If the plates be- 
haved as Charpy impact specimens, a 
plot of energy absorption on a basis 
of temperature would be instructive. 
Typica Charpy impact curves for 
semi-killed and fully-killed medium 
steel are shown in Fig. 6. Note the 
steep slope of the curves in the transi- 
tion region between high-energy and 
low-energy values. In this transition 
region, there is usually considerable 
scatter of the data. The temperature 
at which the energy values begin to 
decrease rapidly is generally referred 
to as the transition temperature. 

A similar plot of the data obtained 
from the tests of plates with internal 
notches is shown in Fig. 7. The en- 
ergy required to fracture the specimens 
is shown plotted on a basis of the 
temperature at which the specimens 
were tested. For all of the specimens 
represented here, the length of the 
slot was about one-fourth the width 
of the plate. The values of energy 
shown are average energy per square 
inch of net cross-section. The data 
plotted here indicate some interesting 
trends. For example, it is seen at a 
glance that the energy values are much 
higher for the plates with slots ter- 
minating in large holes than for the 
plates with slots terminating in small 
holes or in sharp jeweler’s-saw cuts. 
Also, although some of the plates with 
holes 4 and 3 in. dia showed definite 
transitions from shear to 
fractures, these transitions are not re- 
flected in increased energy absorption. 


COMPARISON WITH CHARPY TESTS 


Only the two curves for the sharper 
notches bear any resemblance to the 
typical curves obtained from Charpy 


impact tests. In these curves, the 
circled points represent shear = 
the specimens marked C-S started 4 

cleavage fractures and ended as fo 
fractures; the other points represent 
cleavage fractures. Although the 
cleavage fractures started at a tempera- 


Fig 4—Beginning of shear rupture in a 
notched tensile specimen. The specimen 
has elongated considerably before rupture 
and has absorbed a large amount of energy. 
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Fig. 6—Typical Charpy-Impact curves over 
a wide temperature range for semi-killed 
and fully-killed medium steel. 


ture of about 100 F, it is entirely pos- 
sible that all the data shown for tem- 
peratures above 100 F are still within 
the scatter zone typical of Charpy 
tests, and that the upper transition 
temperature was not yet reached at 
150 F, the upper temperature used 
for the lower two curves. 


ENERGY REQUIRED TO FRACTURE 


These same data, between tempera- 
tures of —40 and 75 F are shown 
plotted in a different form in Fig. 8. 
Here the energy required for fracture 
is shown plotted on a basis of the 
diameter of the holes at the ends of 
the slots. It will be observed that 
these data can be represented fairly 
well by a straight line. The trend is 
certainly linear; thus it can be in- 
ferred that the energy required to rup- 
ture plates of this type is approx- 
imately equal to a constant times the 
diameter of the holes at the ends of 
the slots. 

For the plates with slots terminat- 
ing in a jeweler’s-saw cut, and for 
those with slots terminating in holes 
0.08 in. dia, there were sufficient data 


Fig. 5—Cleavage fracture of a notched speci: 
men tested at a temperature of 75 F. Frac: 
tured surfaces are perpendicular to the suf 
face of the plate. 
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tc indicate the trend of energy absorp- 
tion as a function of the length of the 
slot. These data are shown plotted 
in Fig. 9. Since the energy values 
are calculated on the net area, the 
plates with different lengths of slot 
can be compared on an energy basis. 
Here, energy required for fracture is 
shown plotted on a basis of the ratio 
of the length L of the slot to the 
width W of the plate These data are 
far from linear. At first sight, no 
functional relationship is apparent. 
from a statistical analysis, however, 
Captain W. P. Roop of the Taylor 
Model Basin came to the conclusion 
that the energy varied inversely with 
L/W. Thus the energy required for 
tupture is roughly equal to W/L times 
4 constant. 

As previously pointed out, these 
f sts were merely intended to be ex- 
ploratory. Any incidental conclusions 
that can be drawn from the data are 
fortuitous. As a result of the tests 
thus far conducted, it is believed that 
tensile specimens with internal notches, 
similar to those described in the fore- 
going, can furnish useful information 
on the performance of the material 
ina ship. The specimens with the 
shorter notches terminating in a jew- 
eler’s-saw cut or possibly in a small 
drilled hole seem to be preferable. 

The specimens have the advantage 
that they take in the full thickness of 
the plate. They clearly show a transi- 
ton temperature between ductile shear 
ad brittle cleavage fracture. They 
ae symmetrical in shape and have an 
appreciable amount of triaxial stress at 
the root of the notch. Moreover, they 
ae of such a shape that the stress 
condition at the root of the slot, pre- 
eding fracture, can be approximated. 
Photoelastic investigations in three di- 
mensions, made by the Carnegie In- 
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Fig. 7—Energy for fracture plotted on a basis of temperature for notched tensile 
specimens made from rimmed-steel ship plate. Energy values are higher when 
the slots terminate in large holes than when they terminate in small holes. 
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stitute of Technology, showed the dis- 
tribution of triaxial stresses at the root 
of the notch, in the elastic range, for 
plates of thicknesses from 3} to 1 in. 
They did not show, however, how 
the stress condition changed when 
plastic flow began. The photoelastic 
investigation is now being supple- 
mented by a theoretical investigation, 
by Armour Research Fougdation, of 
the elastic stresses at the root of the 
notch. It is hoped that this theoretical 
investigation can later be extended 
into the plastic range. 


MorE RESEARCH NEEDED 


The problem of notch toughness 
of steel plates is far from solved. Much 
progress has been made, but there is 
still much more work to be done 
before suitable tests can be developed 
that will assure satisfactory perform- 
ance of steel in ships. The problem 
is an exceedingly complicated one be- 
cause of the large number of variables 
present. Even the thickness of the 
plating is believed to be an important 
factor. 

The tensile specimens discussed in 
this article have given useful informa- 
tion and may point the way to a speci- 
men suitable for acceptance tests. Mr. 
N. A. Kahn of the New York Naval 
Shipyard believes that the energy re- 
quired to tear the plate in two after 
parting has begun is the really signifi- 
cant quantity, and has developed a 
specimen to give these data. Dr. A. 
Nadai of the Westinghouse Research 
Laboratories is making a thorough 
study of the size effect in steel. Tests 
on ship plates up to 72 in. in width 
have been conducted at the University 
of Illinois and at the University of 
California. 

Tests on full-scale hatch corners 
have been conducted at the University 
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diameter of terminal holes in slot. Energy required to 
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of California. These tests are con- 
tinuing, both to study the behavior 
of the corners and to study the notch 
toughness of steel built into large 
assemblies. Tests of large box girders 
have been conducted at the National 
Bureau of Standards. Theoretical 
studies are underway at the Armour 
Research Foundation and at the Uni- 
versity of Illinois. A study at Penn- 
sylvania State College of all the tests 
that have been conducted is being 
made in the hope of correlating labora- 
tory data with the full scale per- 
formance of ships. Because of the 
wide interest that has been developed 
in this work, it is believed that prog- 
ress will continue at an accelerated 
rate and add much to existing data on 
the notch toughness of steel plates. 





fix | | 





j 





$ z f \ i | 
6 | 
SS | 
CAV age 2 

fracture €F | 

y 

ZA F i 

I | 

4 


g ) k < ; 





Width of Hate W 


Fig. 9—Energy for fracture plotted on a 
basis of the ratio of length of slot to width 
of plate. 
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Progress in Review 


In this running summary of technical developments, 
space restrictions do not allow giving complete details. 
Further information relating to any item can be ob- 
tained by writing to the Editor of Product Engineering. 


PLASTICS AND RUBBER 


PLASTICS SALES in 1947 reflected the transitory con- 
dition of the plastics industry. The year started badly for 
plastics manufacturers and by the summer reached a 
frighteningly low point. By the end of the year, how- 
ever, business picked up, and now sales are on their way 
back to the all time high of 1946. 

What happened? The “fly-by-nights’” and inexpe- 
rienced operators were squeezed out of business by nor- 
mal, postwar competition. These misfits, who specialized 
in misapplying materials and bad workmanship, were 
well on the way toward hurting consumer acceptance of 
plastics. Now, responsible members of the plastics in- 
dustry are having their way: Plastics are not being applied 
as substitutes, but only where they belong. 1948 will 
see a continuation of this trend, with emphasis on sound 
engineering practice and informative merchandising. 

One sign of healthy development in plastics is the 
attempt to achieve optimum properties by combining 
several materials. In metals, alloying is of course an old 
practice. In plastics, several useful blends have already 
appeared, and more are on the way. 


® Modified styrenes, when cast, show a surprising 
versatility. Polystyrene itself, a thermoplastic that 
is usually injection molded, is known as a fairly 
brittle material. By “crosslinking” with polyesters, 
properties can be varied from extremely hard and 
rigid to tough and flexible. Advantages include 
excellent electrical properties and chemical resist- 
ance. But certain properties have to be sacrificed, 
depending on the degree of crosslinking—the hard 
types are rather brittle, the flexible types lack 
strength, the flame resistant types lose some trans- 
. . Up to now, uses were limited to high 
dielectric applications. Indications are for high 
strength applications in the future. 


pa rency. . 


COPOLYMERS of synthetic rubber and resins—a chem- 
ical method of blending—are finding extremely wide ap- 
plication. Such mixtures are no longer new (see “Recent 
Developments in Plastics and Rubber,” Propucr ENGI- 
NEERING, April 1947). Instead of relying on plasticizers 
which often “bleed out,” the plastics industry decided 
tc take advantage of the best properties of resins and 
rubbers. One of the most common types of synthetic 
rubber, GR-S, is itself a copolymer of about 75 parts 
of butadiene and 25 parts of styrene. By adding more 
styrene, the compound becomes less rubbery and more 
rigid. Principle is applied to combinations of GR-S and 
nitrile rubber with vinyl, phenolic and styrene resins. 
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E Latest of these new copolymers to be announced 
are the “S-polymers,” developed by the Standard 
Oil Company of New Jersey, blends of styrene with 
isobutylene (the main ingredient of “butyl” syn. 
thetic rubber). These resins are both elastic and 
thermoplastic; their tensile strength is about equal 
to polyvinyl chloride or cellulose acetate, with su 
perior resistance to water vapor transmission. In 
film form they appear suitable for packaging and 
water resistant fabrics. 


E Blending with synthetic rubbers is also done to 
improve processing characteristics. Plasticizers are 
eliminated, mill time is decreased, and better extru- 
sion and mold flow characteristics result. Two new 
modifications of butadiene-type rubbers were an- 
nounced by the B. F. Goodrich Chemical Co. These 
compounds show increased building tack for lami- 
nated stock. One type is nonstaining. 


E Phenolic-modified synthetic rubbers are known to 
be particularly applicable to adhesives. (See article, 
“Industrial Adhesives,” PRODUCT ENGINEERING, 
December 1947). Now, it imparts greater hardness, 
toughness and easier processing properties to GR-S, 
nitrile, neoprene, and even natural rubber. Tool 
handles made of these blends show increased resist- 
ance to aging and solvents. A host of rigid and 
semi-rigid products are anticipated. 


COMBINATIONS of synthetics with other materials 
are not limited to physical or chemical blends. Often 
the most desirable combination of properties is achieved 
by alternating layers of plastics and metals, wood, 0 
paper. Desirability of doing this was recognized early 
in the war, when aircraft construction became a prob 
lem. The result: Aircraft laminates, consisting of metal 
lic skins bonded with synthetic adhesives to wood, o! 
expanded plastics, for high strength-weight ratios. This 
“layer” idea of combination is appearing in new 
applications every day. 


E Combining plastics for improved performance 
a new automobile radio antenna is insulated wit! 
polyethylene, with the whole wiring unit encase 
in a vinyl jacket. . . . Representing a volume sav 
ing of lead for covering cables, Bell Laboratories 
have developed a new cable consisting of a thir 
sheet of aluminum around paper-insulated wires 
with an outer covering of polyethylene. The new 
cable will serve in local exchange areas, on pole 
lines and in underground conduits. 


H@ For refrigerators, postformed high pressure lam 
mates are used in Australia. They form the 
cylindrical body of the refrigerator. Concentt! 
laminates with air spaces between them compris 
the thermal insulation. The cylindrical design ! 
claimed to give increased storage space. 


~ ¢ 
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BA relatively new phenolic resin to gain acceptance 
is furfural-phenol-formaldehyde (furfural is d 

rived from the hulls of oats and other grains). 
A new laminating varnish made from this resin 
is claimed to produce lower cost laminates, equiva- 
lent in quality to conventional laminating varnishes. 


In addition to equal speed of drying, cure, and 
final electrical properties, these varnishes have 
lower viscosity, enabling them to be shipped and 
used at higher solids content—thus giving signifi- 
cant solvent savings. Superior tensile strength and 
storage qualities are also claimed. However, the 
dark color may be a disadvantage in some uses. 


PERHAPS the most universal application of plastics in 
combination with other materials, is in finishes and 
coatings. This use is not new—cellulose nitrate lacquers 
were first used in the 19th century. However, with the 
advent of thermosetting resins, hard durable coatings 
with specialized properties, such as electrical and solvent 
resistance, were possible. Principles developed in formu- 
lating finishes have now been carried over to adhesives, 
laminating 

impregnants. 


varnishes, liners, 


casting sealants and 


E For surface beauty, increased wear, and resistance 
to solvents, melamine resin-surfaced wood veneer, 
already used widely for table tops and other sur- 
faces in bars, restaurants and retail stores, is being 
applied to home furniture. The beauty of the 
wood grain is enhanced by an illusion of “optical 
depth”; combined with the scratch-, alcohol-, and 
cigarette-resistance, a wide appeal to the house- 
wife is forecast. Melamine-surfaced subway 
maps, installed in New York City, are claimed to 
effect an initial saving of $72,000 by obviating 
frames and glass coverings. 
expected. 


Less upkeep is also 
The Navy is also applying this idea to 
maps; industry can use it to protect safety charts, 
steam-line diagrams, wiring and water systems 


E Replacing metal foil, a new water vapor-resist- 
ant material is made by casting a 0.004 in. vinyl 
film on industrial paper. Tradenamed ‘Kastek 
V,” it has already packaged gelatin desserts. Cost: 
About 10 cents per sq yd, compared with the 70 
cent price for metal foil. Indications: For packag- 
ing feeds and other agricultural products 


E Plastic lined chemical resistant steel pipe is now 


available. Originally made of vinylidene chloride, 
tradenamed Saran, Dow Chemical Company now 
extrudes a plasticized vinyl liner in the form of a 
0.05 in. tube which is bonded to the inner surface 
of the metal pipe. Here the combination consists 
of the excellent chemical resistance of the plastic 
and the strength of the steel. 


E A bag-type liner of pliofilm (a type of rubber 
hydrochloride) in an insulated boxboard carton al- 
lows cool shipment without refrigeration. The com- 
bination of properties achieved is especially appli- 
cable to food. Live lobsters, precooled to 32 F are 
shipped for fifty hours without spoilage. 
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E Phenolic resins have found wide acceptances as 
binders for mineral wool insulation. Growth of 
this use has resulted from industrial plant expan- 
sion and low-cost housing, where excellent insula 
tion value of this material makes attics unnecessary. 


E A new sealing compound for aluminum refrigera- 
tors, prefabricated houses and truck bodies will 
soon be available in the form of a metallic filler 

flexible plastic combination. Excellent adhesion 
to all metals and good weather resistance is claimed 


ALTHOUGH COMBINATIONS of plastics with other 
materials are important, use of solid plastics continue as 
the backbone of the plastics industry. Problems of mold- 
ing as well as utilization of new molding powders are 
still uppermost in the minds of engineers. 


E War demands made ethyl cellulose a practical 
molding material. The impetus of the proximity 
fuse, making necessary a high impact water resist 
ant “nose,” had the plastics industry hopping 
About five different thermoplastics were tried until 
ethyl cellulose was chosen for the purpose. This 
research resulted in improved molding powder and 
injection molding techniques. 


E Despite its fairly high price of 58 cents per lb, 
ethyl cellulose is now a “must” in applications 
where toughness at widely varying temperatures, 
combined with surface beauty, is required. Golf 
club heads, radio cabinets, piano parts, tool handles, 
refrigerator parts are typical examples. New mar- 
kets are predicted because of its dimensional sta 
bility, fast molding cycles, and alkali resistance 
Forecast for 1948 are an ethyl cellulose formula 
tion to be troweled on for flooring, to spray on 
wood or concrete, and another spray to make wall 
paper stainproof. 


E Phenolics, which are to plastics what steel is to 
metals, continue to be used widely. Molded as 
the cover of a redesigned one hp reversing switch, 
phenolics replaced a drawn steel cover. A superior 
product is claimed, with a 20 percent cost reduc 
tion. Several assembly operations were eliminated 
housing insulation is now unnecessary; name-plate 


data is molded directly into the housing. 


HA new phenolic molding compound, developed 
during the war under the sponsorship of the Na- 
tional Advisory Committee for Aeronautics, is 
filled with macerated cotton fabric. The pieces of 
fabric are so large that the compound is practi- 
cally in the ‘‘molded-laminated” class. Mechanical 
tests, recently reported by Professor William N. 
Findley, University of Illinois, show this mixture 
to have potentialities as a new engineering mate 
rial, as soon as an economical molding method is 
worked out. 


E Automotive uses of molded plastics continue. 
According to a Modern Plastics survey, phenolic 
moldings, vinyl extrusions and acrylic decorative 


parts will increase in volume. The pros and cons 
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of laminated timing gears versus chain drives are 
being discussed in the automotive industry. Al- 
though the Stout car body—all glass-plastics—is 
not yet a reality, Kaiser-Frazer has purchased the 
patents. Rising cost of molds for steel stampings 
and expensive metal finishing operations are lead- 
ing to serious consideration of glass-resin combina- 
tions for fenders and trunk doors. 


E Standard tolerances for injection moldings are 
much more rigid in the United States than they are 
in Great Britain, according to British Plastics. 


CONVENTIONAL PRODUCTION METHODS in ad- 
dition to compression and injection molding, include 
extrusion and machining. Often the techniques are com- 
bined, especially when products are made from thermo- 
plastics. Sometimes conventional metalworking proc- 
esses are modified in a special way, enabling for instance, 
plastics products to be fabricated rather than molded. 


E Centerless grinding is becoming important in 
plastics production. Stock removal may be as high 
as 0.040 in. per cut, compared with 0.005 to 0.010 
in. for metals. Tolerances of the final piece run 
about 0.001 in., compared with an average of 
0.0001 for metals. Method is used for machining 
laminates, and for making beads and knobs. 


E Extrusion is responsible for an important per- 
centage of plastics production. Extruded cellulose 
acetate piping for cold water conveyance looks 
promising in cold climates. When water freezes, 
the plastic expands sufficiently to prevent crack- 
ing. . . . In California, similar piping is used for 
carrying home gas. Chief advantage is extreme 
ease of installation. . . . Boeing Stratocruiser has 
cellulose acetate butyrate tubing as water pipe, with 
polyvinyl chloride molded couplings and steel 
clamps. Replacing aluminum and stainless steel 
pipe, they save about 100 lb per plane, have better 
chemical inertness and resist low temperatures. 


E Polyethylene continues to become more widely 
applied. Restricted mainly to coaxial cable insula- 
tion about five years ago, and costing about one 
dollar per lb at that time, increased production has 
now reduced the price to 45 cents per Ib. It is 
expected that this material will become one of the 
lowest priced plastics within a few years. Right 
now, it is taking the deep-freeze packaging industry 
by storm; bags of extruded polyethylene are heat- 
sealed at both ends for this purpose. 


E Use of plastics tooling has found wide acceptance 
in the aircraft industry. Lawrence Wittman, tool 
development engineer, Republic Aviation Corp., 
reported to ASME that low pressure molded glass- 
plastic laminates give a high degree of accuracy 
in the finished part. Indications are for jigs and 
fixtures in automotive and furniture industries. 


E Sheet thermoplastics, are being fabricated into 
draftsmen’s aids. Polystyrene rulers with both edges 
sharply developed allow pen-and-ink ruling. A cel- 


lulose nitrate template is precision milled on a 
pantagraph machine—a departure from die-stam 
ing of sheet stock. . . . Transparent polystyrene 
sheet makes the face of electrical instruments, hay. 
ing molded phenolic housings. 


E Engineers designing in plastics are becoming con. 
scious of plasticity. Plastics (London) gives a rela. 
tionship between plasticizer contention properties 
such as permanence, dimensional stability and in. 
flammability. This is a valuable discussion for those 
dealing with cellulose acetate. 


METALS 


DESIGNERS must now contend with a new group of 
engineering materials. Developed originally during the 
war for jet engines, turbosuperchargers, and gas turbines, 
for service temperatures of 1,500 F and up, need for such 
materials was evident even in prewar days—as proved by 
studies on high pressure boiler and steam turbine parts. 
These new materials will have to be tested by entirely 
new means, to duplicate conditions of use—mainly at 
high temperatures, New uses, new materials, and high 
temperature tests are beginning to appear. 


E Jet engine exhaust cones made from high alloy 
steels show “hot spot” and workage because of poor 
heat conductivity. Warpage can be minimized by 
using stainless-clad copper. Copper diffuses heat 
evenly and rapidly. 


E Conventional metallic carbides have proved in- 
adequate on 1,800 F gas turbine installations. How- 
ever, a mixture of “rare” metallic carbides-cobalt 
and titanium carbide—has been fused. Combining 
properties of metals and ceramics a coined name, 
“Ceramals”, has been suggested for these materials. 
At 1,800 to 2,000 F, one of these materials has a 
tensile strength of 15,000 to 21,000 psi. They can- 
not be machined, so must be made close to size and 


finished by grinding. 


E British engineers have developed a method for 
determining modulus of elasticity at elevated tem- 
peratures. It has long been known that the modulus 
drops slightly as temperature rises above room tem- 
perature, and that a temperature can be reached 
where the decrease is precipitous. 


HB There is a relation between this behavior and 
creep characteristics: Boiler and furnace parts sud: 
denly give way and aircraft bolts loosen. Of 25 
types of steels investigated, all lost about 25 pet 
cent of their room temperature modulus at 1,100 F; 
ferritic steel moduli then dropped off rapidly, aus 
tenitic steel moduli continued a linear decrease to 
about 1,500 F and to 1,800 F showed only a mod 
erately faster drop. 


STAINLESS STEEL is settling down as an important 
engineering metal. Its properties and limitations are fas 
becoming known, and its uses are widening rapidly. The 
biggest single reason for the change in attitude toward 
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¢ainless steel is the fact that it can now be welded with 
ease. This mew fabricating technique made possible the 
kitchen of the General Motors ‘Train of Tomorrow,” 
equipped in stainless, as well as many new single-unit 
“short-order” stands, constructed with large quantities of 
stainless steel. 


INITIAL ATTEMPTS to fabricate stainless by conven- 
tional welding methods proved unsatisfactory. Coating 
the electrode, to reduce oxide formation, worked for a 
limited number of alloys. The nation was at war and 
corrosion resistance of stainless steel was necessary for 
many marine applications. To satisfy this need, a new 
welding technique was devised. It consisted of shielding 
the joint from oxidation by surrounding electrode and 
weld area with an atmosphere of inert gas. 


INERT GAS ARC WELDING, justifiably, is receiving 
much publicity. Helium was first used as the inert gas, 
but has been replaced by argon, for economic reasons. 
Helium is less expensive, per cu ft, than argon, but 24 
to 3 times as much helium is needed (see PRopucT ENGI- 
NEERING, January 1948, page 131) for the same weld. 


IN THE BEGINNING, conventional arc welding tech- 
niques were used. This was a good starting point, but 
much new knowledge is being developed. 


E The arc, short in length and too sensitive for re- 
producibility has been stabilized by incorporating 
a high frequency unit in the circuit. High frequency 


E Steel scrap shortage is leading motor car manufac- 
turers to consider replacing steel parts with alumi- 
num (see PRODUCT ENGINEERING, December 1947, 
page 108). To maintain strength, aluminum parts 
may have to be 50 percent thicker, but in most 
cases the same dies can be used. 


E Should the government continue to increase orders 
for military aircraft, a heavy drain on aluminum 
supplies will be felt. Industry people believe this 
possible. This could reverse the aluminum-for- 
sheet steel substitution. 


E Copper, lead and zinc prices are expected to rise 
as long-range shortages of these metals are felt. 
Low-grade ore in inaccessible deposits will have 
to be used. Mining and refining costs will rise. 
Aluminum deposits are extensive enough to con- 
tinue a downward price scale, as capacity for re- 
covery increases. 


E To form field windings for a new cyclotron at 
the University of Rochester, 1,700 50-ft lengths of 
5/16 x 4 in. strips of aluminum were butt-welded. 
High conductivity aluminum was used because of 
copper scarcity. . . . Electro-magnetic coils for 
Columbia University’s new cyclotron were formed 
from copper strips of 60 ft x 4 in. x 9/32 in. size. 
A continuous strip 13.5 miles long was made by 
controlled flash butt resistance welding the copper 
pieces. Is copper a scarce material ? 














































current keeps the arc ionized, longer and less critical. 


E No flux is required when welding with inert gas. 
There is no flux residue to cause corrosion of the 
finished part. Welded joints do not have to be 
cleaned or washed. 


E Filler metal, when needed, is added from a sep- 
arate, bare rod. This rod is fed into the arc struck 
between electrode and work. It can be of the same 
composition as the base metal, so no weakness is 
set up through dissimilarity. 


E Tungsten electrodes are now in universal use with 
shielded arc welders. Tantalum electrodes tended 
to form a molten ball and fall off at very low cur- 
rents; carbon electrodes burned away quickly and 
contaminated the welds, probably because of weak- 
ness in the binder material. Tungsten electrodes 
are virtually non-consumable and make no deposit. 


WITH NEW USES for both new and old materials, what 
isthe prospect of shortages in the future? Depending on 
the source of information, any desired answer can be 
obtained. Here are some specific examples. 


E Aluminum sheet metal is available as roller- 
leveled flat sheet in widths of 30, 32, 36, and 48 
in. with lengths of 96, 120 and 144 in; and as 
coiled sheet in widths of 24, 30, 32, 36 and 48 
inches. Both forms can be had in thicknesses of 
0.018, 0.020, 0.025, 0.032, 0.040, 0.051 and 0.064 
in. Industry acceptance has been widespread and 
new orders are accepted with no delivery date. 


Propuct ENGINEERING — FEBRUARY, 1948 





IT IS ADMITTED that magnesium alloys are seldom 
comparable in cost to other metals, on a volume basis. 
However, redesign of parts frequently lowers final cost 
to a competitive value. Original price differential is 
expected to decrease when magnesium is rolled on con- 
tinuous sheet mills. It was announced before a U.S. 
Senate investigating committee that magnesium alloy prices 
should decrease about five percent per year for the next 
five years. 


EVEN IN THIS PERIOD OF SHORTAGES, materials 
are being used solely because of their special properties. 
Two examples are worthy of note. 


E Steel is clad on one or both sides with various 
metals for corrosion resistance. An oil refinery is 
now using a stainless steel cladded plate 2 in. thick 
to replace plates 4 in. thick. . . . For a long time 
many clad products were more expensive than solid 
plate especially when the cladding was more than 
20 percent of the total thickness. Current prices 
show a substantial saving, at least for those cladded 
on one side only. 


E Beryllium copper spring parts for a fractional 
horsepower motor control, a lighting switch, a re- 
frigerator thermostat diaphragm and a small knife 
switch have been made with cost reduction over other 
materials. Because of its high fatigue strength, 
beryllium copper can be made with smaller sec- 
tions. Operational characteristics of these springs 
are better than for others because of the uniformity 
in temper of the precipitation-hardened parts. 
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Designs and Operating Principles of 


Types of pumps used to transfer liquids and to supply 


. em 
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Paul Engineering 


WITH BUT TWO MOVING PARTS, the rotors that turn in the same direction, 9 PUMPING ACTION is produced by 
| the Sundberg Rotary Pump h reduced friction to a minimum, The rotors rotate Z the meshing of the idler and rotor 
against flexible synthetic rubber cushions that allow sand, grit and other abrasives to teeth in the Viking Rotary Pump. Idler 
flow freely through the pr without damage. It is a positive displacement pump is pin-mounted to the head. Rotor operates 
that develops a constant pressure and will deliver a uniform flow at any given speed. in either direction. Pump will not splash, 
The pump is reversible and can be driven by a gasoline engine or electric motor. The foam, churn or cause pounding. Liquids 
rubber cushions withstand the action of oil, kerosene and gasoline and the pump operates Ý any viscosity, which do not contain 
at any angle. It has been used in circulating water systems, cutting tool coolant oil grit, can be transferred by this pump made 
systems and general service applications. f combinations of iron and bronze parts. 
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F 
mounted on tapered roller bearings that accurately position that build pressures from 100 to 4,000 psi at speeds from 


the gears, decrease end play and reduce wear to a minimum. The 600 to 1,200 rev per minute. The Blackhawk P-104 can be used 
heavy duty construction of the Hydro-Power Gear Pump is de- continuously at 900 rpm and 2,500 psi with 1.37 gpm delivered. 
signed for use with pressures up to 1,000 psi. These pumps are Because it can be mounted at any angle, and because it is usec 
available with either single or double end shaft design and can with small oil lines, small diameter rams and compact valves, the 
be foot or flange mounted. The drive shaft entrance packing is P-104 is practical for building into new equipment. This pump 
constructed of oil resistant material. Gear shafts are made of contains a pressure adjusting valve that is factory set to by-pass 
hardened molybdenum steel. at a predetermined pressure. 


D THE GEAR SHAFTS of this hydraulic gear pump are 6 THIS HIGH PRESSURE hydraulic pump has twin pistons 


Heveeeeeonenennnneiauasnoneneniiies 


Propucr ENcINEERING — Fesruary, 1948 





coeeeneenennenae 


HADLEY SLAUUOEO TONE AAONEOONNEBORENEL Aus enonONEROCenenONNRND TTT 


dustry—I 


Swingir 10 f 
varies 
-l 
i 


-Casing 
J 


Blackmer Purnp 


2 BASED on the swinging vane prin- HIGH PRESSURE, high volume pumps of the axial piston nstant displacement 
le, the Blackmer Rotary Pump main- 4 type are rated at 3,500 psi for continuous duty operation; higher pressure is per- 

ns its volumetric efficiency automatically. missible for intermittent operation. A pressure-balanced piston shoe lubricates the cam 

The action of the buckets, fitted lo plate and prevents direct contact between the shoe and cam plate. The use of the pressure 
nto recesses in the rotor, compensates tor balanced system removes the need for thrust bearings. The two-piece shaft absorbs deflec- 
wear. In operation, the tip of the bucket tion and minimizes bearing wear. The pump and electric driving motor are connecte 
is in light contact with the casing wall by a flexible coupling. The revolving cylinder barrel causes the axial reciprocation of the 
Liquids are moved by sucking and pushing pumping pistons. The Deniso: ries pumps are only used to pump hydraulic fluids. 
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tions and are not churned or toamed. 
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AS ITS NAME IMPLIES, the Pedrifugal pump is character- g USED TO TRANSFER, meter or proportion liquids of high 

ized by its pedestal mounting. The only fit, not a critical or low viscosity, the Flowmaster Victor is a positive displace- 
ne, is between the pedestal casting and the casing. Positive ment gear pump. It is made of stainless metal or stainless steel 
‘ugnment is obtained because the sealed ball bearings and the with a stainless steel armored, automatic take-up, shaft seal of 
"att are supported in the single casting. The 5-vaned, open, the single-gland type. Automatic wear control compensates for 
onze impeller will move liquids with a considerable volume of normal wear and maintains volumetric efficiency. The Victor 
“lids. The pump is not for use with corrosive liquids. The five will handle 5 to 300 gal per hour without churning or foaming. 
es of this pump, up to 500 gpm, are identical except for the This pump needs no lubrication and operates against high or low 
mpeller and the casing. pressure. 
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Fig. 1 


electrical resistivity, and strongly resist demagnetizing forces. 


Several types and sizes of permanent magnets made from sintered oxides. These sintered magnets have intense energy levels, high 


Permanent Magnets of 


R. J. STUDDERS 


Metallurgy Division, Chemical Department 
General Electric Company 


ALTHOUGH PERMANENT MAGNETS of 
sintered oxides have been known for 
some time, they have become available 
for industrial use only recently, largely 
because a pressing technique had to be 
developed, before they could be suc- 
cessfully produced. Powder metallurgy 
processes and equipment are utilized 
extensively. The raw materials are 
fine oxide powders, totally minus 200 
mesh, and of the type and purity widely 
used in the ceramic industry. 

A typical mix is prepared by accu- 
rately weighing 31.0 percent of red 
ferric oxide, Fe.0,, 43.0 percent of 
black magnetic ferrosoferric oxide, 
Fe,0,, and 26.0 percent of cobaltous 
oxide, Co0. These powders are inti- 
mately wet mixed in a porcelain jar 
mill for 36 hours. The powders are 
necessarily mixed wet, as the dry pow- 
ders adhere readily to the surfaces of 
the mills and remain unmixed. The 
wet slurry is next dried at 160 C until 
most of the water has been removed. 
A cake of material results from the 
drying operation and this is reduced 
to a powder again by forcing the cake 
through a 40 mesh screen. 

The powder may be pressed to shape 
at this stage, but in order to control 
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the shrinkage occurring during the sin- 
tering operation, the loose screened 


powder is usually presintered at 600 C 
for 12 hr in air. The presintered pow- 
der is then ready to be pressed. 

Because of the nature of the oxide 
materials the sintered density is pri- 
marily a function of the pressed den- 
sity. A high pressed density would 
seem desirable but, as the oxide pow- 
ders do not flow well under pressure, 
high compacting pressures only serve 
to laminate the pressed compacts, ren- 
dering them useless. On the other hand, 
too low a compacting pressure results 
in a low density material of poor mag- 
netic quality. No pressing lubricant 
or binder is used in the pressing op- 
eration, but careful attention is paid 
to the pressure used, particle shape, and 
moisture content of the powders. 

Pressing at 30 tons per sq in. may be 
done in any of the presses commonly 
used in powder metallurgy. Because of 
the pressure used and the abrasive na- 
ture of the material being pressed, ordi- 
nary steel dies are short lived. After 
four or five thousand pressings the die 
must be lapped and polished before 
continuing. Carboloy cemented tung- 
sten carbide dies are preferred, as they 
resist the severe abrasion well. 

The pressed compacts are fragile so 
that care must be used in handling 
them to prevent chipping and breakage. 
After being placed in stainless steel 


boats, they are sintered at 1,000 C 
for 3 hr in an air atmosphere. Pro- 
tection against severe thermal shock 
is necessary during the sintering op- 
erations. With proper regulation of 
the presintering operation, the linear 
shrinkage during sintering can be re- 
duced to 1.5 to 2 percent. A group of 
sintered oxide magnets is shown in 
Fig. 1. 

Inserts can be cemented in the sin- 
tered magnets, using holes cored dur- 
ing the pressing operation. Compli- 
cated shapes, such as multi-poled rotors 
may be more easily manufactured in 
segments and cemented together later 

Similar to the more widely known 
Alnico 5, the permanent magnet mate- 
rial known as Vectolite is cooled 
through a region slightly below its 
Curie temperature in a magnetic field. 
A field strength of at least 1,000 oer- 
steds is used. This treatment imparts 
a preferred axis of magnetization to 
the material, which is parallel to the 
axis of the magnetic field. When mag: 
netized along the preferred axis, the 
material exhibits much higher mag: 
netic properties than found along any 
other axis in the material. To illus: 
trate this point: Curve 1 of Fig. 2 
shows a typical demagnetization and 
available energy curve, taken with the 
specimen magnetized along its pre- 
ferred axis. Curve 3 shows the de- 
magnetization and available energy of 
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Fig. 3—Variation of specific resistance of 
sintered oxide magnet with temperature. 


Fig. 2—Demagnetization and external energy curves of specimens magnetized along 
preferred axis, perpendicular to preferred axis, and specimen not cooled in magnetic field. 


show 
than Vecto- 


nico 5, and modifications of it, 
available 


ides greater energy 
1n CIC 2 È lite per unit weight of material. This 


the same specimen, but taken along 
an axis 90 deg to the preferred axis. 
Curve 2 is a demagnetization and avail- 
able energy curve for a specimen of 
sintered oxide magnet not cooled 
through the region below its Curie 
temperature in a magnetic field. From 
curves 1 and 2, it may be seen that the 
cooling in a magnetic field from ele- 
vated temperatures improves the re- 
sidual induction, B,, by some 45 per- 
cent, the coercive force by 30 percent 
and most important the maximum 
available energy by 150 percent. 


PHYSICAL AND ELECTRICAL 
PROPERTIES 


Differing from ordinary magnet ma- 
terials, magnets of sintered oxides are 
semi-conductor’s and possess high elec- 
trical resistivity, at room temperature. 
Although resistivity will be influenced 
somewhat by porosity, impurities, type 
of binder and other factors, it is con- 
siderably higher than the resistivities 
tecorded for other magnet materials. 
Thus, in the presence of high frequency 
fields, the sintered oxide magnet may 
be used to supply a magnetic field 
without interference of eddy current 
effects predominant in metallic mate- 
tials. Because of this property, Vecto- 
lite has found many applications in 
high frequency work. In permanent 
magnet applications where the practice 
has been to insulate the magnet mate- 


rial from its component electrical cir- 
cuit, the sintered oxide magnet can be 
used without insulation. Fig. 3 is a 
curve prepared from data taken with 
a 1,000 v megger on a specimen of 
sintered Vectolite, previously dried at 
200 C. At room temperature this ma- 
terial appears to be practically an elec- 
tric insulator. 

Vectolite has a specific gravity of 
3.15, less than half that of any of the 
metallic magnet materials. Thus the 
demagnetization curve of this sintered 
oxide magnet material and the energy 
available compares more favorably with 
metallic magnet materials when made 
on a unit weight rather than on a unit 
volume basis. On the list of available 
permanent magnet materials, only Al- 


is significant since permanent magnets 
are usually priced on weight rather 
than on volume. 


MAGNETIC PROPERTIES 
AND DESIGN DATA 


Vectolite is anisotropic in nature. 
The design data, Table I, gives prop- 
erties of the material magnetized in 
its preferred direction. This aniso- 
tropic nature, while allowing the mate- 
rial to make more energy available, 
also imposes some limitations on its 
use by the designer. In manufacture, 
it is difficult to impart maximum prop- 
erties along multi-directional flux paths 
by cooling in a magnetic field from 
elevated temperatures. Designs that 
must have abrupt directional changes 
in the flux paths through the magnet 
therefore should be avoided. Such 


Table I—Typical Properties of Sintered Oxide Magnets Along the 
Preferred Direction of Magnetization 


Magnetizing force for saturation, oersteds 
B,, Saturation induction gausses 

B,, Residual induction, gausses (remanence 
H,., Coercive force, oersteds 

Haai, Intrinsic coercive force, oersteds 
(BaHa) max. Maximum available energy, ga 
Resistivity, Megohm cm at room temperature 
Coef. of linear expansion, 20 to 300 ¢ 
Specific gravity, grams per cu cm 

Curie temperature, C. 

Transverse modulus of rupture, psi 

Max operating temperatures, C 
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Fig. 4—Unlike most magnet materials the 
coercive force of sintered oxide magnet 
much higher than the coercive force. 


magnets are expensive to manufacture. 
Care should also be taken to assure 
that the final magnetization before use 
is in the preferred direction through 
The order of magnitude 
magnetic energy that 
would result from magnetization in a 
direction other than the preferred di- 
rection may be estimated by a compari- 
son of Curves 1 and 3 of Fig Zz 
design limitations exist for all 
tropic permanent magnet materials. 

A magnetizing force of at least 3,500 
saturate the 


the magnet 
of the loss of 


These 
aniso- 


oersteds is necessary to 
sintered oxide material. 
Fig. 2, which is a typical demagnetiza- 
tion and external energy curve, indi- 
cates that V — has a high coercive 
force, H., 1,075 oersteds, and a rela 
ively low residual induction, B,, 1,950 
zauss with a maximum energy product 
77 Therefore 
) the more common magnet 
shorter magnet of larger 
cross-section will be needed to supply 
a given amount of flux. In common 
with all permanent magnet materials, 
the magnetic characteristics of Ve 
lite may be varied considerably by the 
method of manufacture 

In most commercial magnetic 


Curve 1 of 


of 5.000 gauss oersteds. 
relative te 


materials a 


mate 





rials, the coercive force H, and the in- 
trinsic coercive force He, are nearly 
the same. However, with material such 
as Vectolite, there is a considerable 
difference in these values of coercive 
force and the intrinsic coercive force 
of the magnet is a more accurate 
measure of the resistance to demagnet- 
ization. As shown by the curves of 
Fig. 4, the intrinsic coercive force is 
greater by some 160 oersteds. Data 
from an experimental determination 
of a demagnetization curve of a speci- 
men of Vectolite, with some of the 
minor hysteresis loops, are shown in 
Fig. 5. For practical purposes the aver- 
age slope of these minor loops is equal 
to the incremental permeability for 
the material. This quantity is impor- 
tant to the designer because the incre- 
mental perme ability of a permanent 
magnet material is a measure of the 
degree of its stability against demag- 
netizing influences. The smaller the 
value of the incremental permeability 
the smaller the flux changes will be 
under demagnetizing influences. As 
may be seen from the graph, the incre- 
mental permeability is approximately 
one for Vectolite. 

Flux density in the neutral section 
of a straight bar magnet plotted against 
the ratio of magnet length to its e juiv- 
alent diameter is shown as a curve in 
Fig. 6. A curve of this type is used 
by many designers to predict the per- 
formance of 4 ee magnet This 
specimen possessed a residual induc 
tion, B,, of 1,970 gausses, a coercive 
force, H.. of 1,080 oersteds, and a 
maximum energy product, (B,H 
max. of 790,000 gauss oersteds at 
flux density, B, of 1,150 gausses. 


HEAT, VIBRATION AND AGING 


To determine the maximum operat 
ing temperature of Vectolite and the 
effects of heat on it, a series of tem 


External Energy, BH 
z0.5x 10x108 


Magnetizing force-Oersteds 





Fig. S—Minor hysteresis loops from experimental determination establish an incremental 
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permeability of about one. Such magnetic material is relatively difficult to demagnetize. 





PRODUCT 





perature tests were conducted as fol- 
lows: Fully magnetized test bars after 
being heated to 100 C and cooled to 
room temperature, showed less than 
0.6 percent loss in remanence. On 
successive cycles of heating to 100 C 
no appreciable remanence change was 
detected. Heating to 200 C and then 
cooling to room temperature, caused 
an initial loss in remanence of 2.4 per 
cent; successive cycles to 200 C caused 
no further remanence change. 

On initially heating a fully mag- 
netized specimen to 300 C a 28 per- 





Variation of the flux density with 


the ratio of length to diameter of a straig 
bar magnet of sintered oxide. 


Fig 6 


cent loss in remanence was detected 
on cooling to room temperature. This 
large loss is attributed to the 
tion of the preferential alignment 
given the material by originally cooling 
it in a magnetic field. he Curie tem- 
perature for the sintered oxide magnet 
has been found to be i 
varying with impurity content 

From these tests the conclusion 1s 
that Vectolite may be safely onal 
to temperatures of 200 C. Reasonable 
stability may be expected even if the 
magnet is heated a few times slightly 
above this maximum operating tem- 
peratures. Cements that set below 
200 C or resin binders that can be 
cured below 200 C may be safely used 
with the sintered magnet without 
destroying its magnetic properties. No 
ap preciable change in its demagnetiza- 
tion curve after long periods of time, 
ind little remanence change upon re- 
peated heatings to 200 C indicate that 
the material is structurally stable in 
this temperature range. 

To test the effects of vibration on 
Vectolite, fully magnetized test bars 
were vibrated at frequencies from 10 
to 50 cycles per sec with total dis- 
placements from 0.005 to 0.100 in. 
for as long as 90 min. Within the 
error of measurement no change in 


destruc- 


about 540 C, 


remanence of the test bars could be 
detected. 
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From left to right: self-aligning ball bearing; deep groove ball bearing; spherical roller bearing; cylindrical roller bearing; tapered 
roller bearing; thrust ball bearing, and two-direction thrust ball bearing. There are many variations of these basic types of bearings. 


Ball and Roller Bearings 
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: and not readily replaced since they are 
nior Engineer, SKF Industries, Inc iOunting should be designed 
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operation at some given speed, that one of their greatest advan 


ee Mka E i Se rate thrust bearings. At high speed 
bearings are expect ted to run be- If the failure of a bearing involve : 


fore the first signs of fatigue spalling possible loss of life or major financial 
or faking appear. Other types of or production loss, then considerably 
failure such as lubrication, abrasion or more importance is placed on reliabil 
wear, pitting, and corrosion are usually ity. For example, the additional in 
regarded as preventable and therefore surance against the possibility of th 
are wr considered in estimating the breakdown of a key machine may make 
probable bearing life. the choice of a larger and more expen 

ie important factor in the selection sive bearing both wise and economical 
of a bearing is the degree of reliabil- Bearing costs should be viewed from 
ity required from the machine. If the the broad point of view of the total 
machine is to be used only inter- cost of replacement. 
mittently and if replacement of parts Availability is another important 
can easily be made during down pe factor to consider. This includes not 
riods, then a bearing with a relatively only availability of the bearing when 
short life can be selected. Sometimes the machine is built but also some ; PORNO AAD 

a short life must be accepted because insurance that a replacement can be NON paan Airi oe 

i sas ga at low speed gh speed 

space limitations prohibit the use of a quickly obtained if failure occurs 
larger bearing, although this condition Availability and cost considerations 
can often be avoided by considering are two of the strongest reasons why Fig. 1—Wedging: the position of the ball 
the bearing requirements early in the standard bearings should be used in high on the raceway shoulders increases 
design development. When a bear- preference to special bearings when- friction and tesults in decreased life. 
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Ten Types of Rolling Contact Bearings 


SINGLE Row Deep Groove BALL BEARING. Will 
sustain a radial load and a substantial thrust load 
in either direction, even at very high speeds. This 
advantage results from the intimate contact between 
the balls and the deep groove. Careful alignment 
between shaft and bearing housing is essential. 

Applications: Electric motors, automobiles, con- 
veyor rolls, aircraft accessory drives. 


SPHERICAL ROLLER BEARING. Has unexcelled 
capacity. Inherently self-aligning. In addition 
to heavy radial loads, heavy thrust loads may 
be carried in either direction. 

Applications: Steel mill equipment, crushers, 
railroad journal boxes, paper mills, rubber mills, 
fans, blowers, pumps, compressors, hammer 
mills, oil field equipment, pillow blocks. 


DouBLE Row BALL BEARING. Grooves are 
so positioned that the load lines through the 
balls have an outwardly converging contact 
angle. Has a lower axial displacement than 
the single row design, substantial thrust 
capacity in either direction, and high radial 
capacity because of the two rows of balls. 

Applications: Gear reduction units, trans- 
mission shafts, starters, generators, auxiliary 
aircraft equipment. 


NEEDLE BEARING. Carries heavy radial loads 
without taking up a large space radially. Since 
the rollers cannot be flange guided this bearing 
has rather high friction and operates best when 
the load is relieved at least once per revolution. 
Applications: Crankpins, wristpins, cam 
rollers, aircraft controls and landing gears, 


CYLINDRICAL ROLLER BEARING. Has high radial ca- 
pacity and provides accurate guiding of the rollers, 
resulting in a close approach to true rolling. Con- 
sequent low friction permits operation at high speed. 
Some types allow only a limited free axial movement 
of the shaft. All are easy to dismount. 


ANGULAR CONTACT BALL BEARING. Supports a 
heavy thrust load in one direction, sometimes com- 
bined with a moderate radial load. When sides are 
flush ground, can be mounted in tandem for constant 
thrust in one direction; in pairs face-to-face or back- 


Fig. 


> 


“- 


to-back for combined loads. 
Applications: Worm drives, pumps, machine tool 
spindles, centrifugals, superchargers. 


SELF-ALIGNING BALL BEARING. Adjusts misalign- 
ment resulting from errors in the mounting or shaft 
deflection, without loss of capacity. Does not exert 
any bending influence on the shaft, essential require- 
ment for extreme accuracy at high speeds. Recom- 
mended for radial loads and moderate thrust loads 
in either direction. 

Applications: Woodworking machines, small 
hammer mills, fans, centrifugals, pillow blocks. 


BALL THRUST BEARING. For thrust load in one di- 
rection only. Load line through the balls is parallel 
to shaft axis, resulting in high thrust capacity and 
minimum axial deflection. Flat seats on the rings 
are preferred where the load is heavy or where close 
axial postioning of the shaft is essential. Should not 
be used for high speeds under light loads. 
Applications: Crane hooks, machine tool spindles. 


—Bearings in a jaw crusher. An example where both the 


high capacity and the self-aligning qualities of spherical roller 
bearings are of major importance in an installation. 
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Applications: Traction motors, transmission shafts, 


machine tool spindles, aircraft engines, gas turbines. 


SINGLE Row TAPERED ROLLER BEARING. Carries 
heavy radial loads when opposed to another bearing 
taking the induced thrust load. Also can carry 
heavy one-directional thrust or combined load. Re. 
quires adjustment of internal clearance. Steep- 
angle type is for predominantly thrust loads; multi- 
row types carry heavy loads in any direction. 
Applications: Automobiles, mine cars, steel mil! 
equipment, journal boxes, pumps, gear drives. 


SPHERICAL ROLLER THRUST BEARING. Compact 
bearing for heavy thrust loads. Especially adapt- 
able to such applications as worm drive, where 
minimum bearing centers are an advantage. Self- 
aligning and capable of sustained high speeds at 
low operating temperatures. 

Applications: Steel mill equipment, gyratory 
crushers, pumps, turntables, water turbines. 


Fig. 3—Automatic lathe spindle design, a bearing arrangement 
giving maximum spindle rigidity under heavy combined loads. 
Cylindrical bearing takes the heavy radial load. 
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or deep groove ball bearings are usually 
more satisfactory. 

Ball bearings are usually the most 
economical choice in the smaller sizes 
while in the larger sizes, especially if 
shock and impact loads are present 
as in Fig. 2, roller bearings have a 
considerable advantage. 

Application of these principles is 
shown, Fig. 3, in an automatic lathe. 
The cylindrical roller bearing takes, 
with minimum deflection, the heavy 
radial load on the bearing nearest the 
workpiece. The ball thrust bearing 
carries the working thrust load, while 
the angular contact ball bearing takes 
a light radial load and acts to oppose 
the ball thrust bearing or to take thrust 
in the opposite direction. 

















MISALIGNMENT 





If a bearing is misaligned any con- 
siderable amount, self-aligning bear- 
ings have definite advantages over rigid 
bearings, since they can take several 
degrees of initial misalignment with- 
out loss of capacity. Rigid types of 
bearings vary considerably in their 
ability to take misalignment. Roller 
bearings, which have line contact at 
both raceways, as in cylindrical roller 
and tapered roller types, are especially 
sensitive to misalignment. This sensi- 
tivity can be somewhat reduced by 
crowning the rollers or raceways. Deep 
groove and angular contact ball bear- 
ings, while not quite as sensitive as 
line contact bearings, lose some capac- 
ity if misaligned more than about 4 
degree. The jaw crusher in Fig. 2 is 
an example in which high capacity 
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7220 C,20 DEG. ANGULAR CONTACT 


and self-aligning qualities are re- 
quired. 

Moment loads, or couples, can be 
carried by a single rigid type bearing 
but not by a single self-aligning bear- 
ing. The usual practice is to carry 
moment loads by two bearings mounted 
as far apart on the shaft as possible. 


DEFLECTION 


Some internal radial clearance is 
generally left in bearing parts after 
mounting on the shaft and in the 
housing. When a radial load acts 
on the bearing, the shaft takes up the 
internal clearance and, in addition, 
moves an amount equal to the elastic 
deflection at the contact between the 
most heavily loaded ball or roller and 
the raceways of the bearing rings. 
Total movement of the bearing under 
load is usually only a few thousandths 
of an inch. 

If the load is chiefly thrust, the 
shaft moves axially an amount equal 
to the axial looseness plus the axial 
elastic deflection at the bearing con- 
tact points. Axial movement is some- 
what larger than radial movement for 
radial bearings, and is sufficient to 
cause trouble in some applications; 
for example, precision machine tools. 

Radial and axial deflection often 
can be reduced to a negligible amount 
by mounting two angular contact bear- 
ings opposed and preloaded. This 
requires that bearing end faces be 
flush ground so that when mounted 
with the proper fit and under no ex- 
ternal load, the two bearings press 
axially against each other with a cer- 















ngs mounted opposed. 





Axial Load -Lb 


Fig. 4 -Comparative axial deflection curves under thrust loads for 
å regular angular contact bearing and for a pair of preloaded bear- 
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tain predetermined force. The initial 
internal clearance of the bearings is 
zero and the elastic deflection under 
load is substantially reduced. Fig. 4 
shows the arrangement and typical 
performance curves. 

If extremely close control of the 
bearing running accuracy is required, 
super precision bearings should be 
used. These precision tolerance bear- 
ings are anal types produced in 
quantity under minute tolerances of 
eccentricity, parallelism of sides and 
grooves, and side runout with the bore, 
as established by the Annular Bearing 
Engineers’ Committee. Although not 
regarded as special bearings, the neces- 
sity of producing them to closer tol- 
erances than normal makes them 
more costly than standard tolerance 
bearings. The use of precision 
bearings is economically iustified only 
when the running accuracy of the ma- 
chine is equally closely controlled, 
and when that high a degree of pre- 
cision is actually required. 


FRICTION 


In some precision instruments, con- 
sideration must be given to the fric- 
tion in the bearing. For general ap- 
plications the friction is negligible, 
which is a marked advantage of ball 
and roller bearings over other types. 
The slight amount of friction present 
varies with load and speed. A method 
of computing its value will be included 
in the second article of this series. 

In addition to bearing friction, the 
friction of rubbing type seals must be 
considered where friction loss can 


g 
Oil Lubrication Seals 


Fig. 5—Seals for bearing lubricants. Designs c, e, f, 7, and j are 
labyrinth seals, although ¢ and ; also contain friction seal elements. 
Friction in rubbing type seals is much larger than bearing friction. 
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Fig. 6—A heavy vertical load acts on this self-aligning spherical roller thrust bearing, 
which is spring opposed loaded to prevent the rings from separating when the load is 
removed. The oil is pumped up through the bearing by centrifugal force and returned 
to the lower bearing bore through the holes seen in the lower ring support piece. 


cause trouble . Rubbing type seal fric- 
tion is normally much greater than 
bearing friction. Minimum seal fric- 
tion can be obtained with nonrubbing 
labyrinth type seals, where these are 
possible. These seals consist of a 
rotating and a stationary ring that have 
mating flanges so designed that the 
two rings fit closely over a wide area, 
but without actual contact. The fric- 
tion of this type of seal is usually less 
than the friction of the bearing. See 
Fig. 5 and also ‘Ball and Roller Bear- 
ing Seals,” PRODUCT ENGINEERING, 
April 1947, p 103, for examples. 


LUBRICATION 


The choice of lubricant may have 
great effect on bearing friction and 
sometimes even limit the choice of 


bearing type when the heat of friction 
is not dissipated rapidly enough. In 
any rolling bearing there is some in 
cidental sliding within the contact 
areas between rolling elements and 
raceways, between cage and rolling 
elements and, in guided roller bear- 
ings, between the guiding flange and 
the roller ends. This is the reason 
lubrication is necessary. 

Grease is a satisfactory lubricant at 
normal operating temperatures. It has 
the advantage that the seal usually can 
have a simple design since the grease 
itself improves the seal efficiency. The 
housing should not be filled more than 
half full of grease; a greater amount 
causes excessive churning and friction. 
Any provision for relubrication should 
insure that new grease is injected at 


Table 1—Limiting Speeds for Normal Lubrication Conditions 


d = bore of the bearing in millimeters 


Type of Bearing 


Self-aligning ball.......... 
Single row deep groove..... 
Single row deep groove .. 
Double row ball Riese 
Angular contact ball 
Cylindrical roller... . 
Spherical roller 

Thrust ball bearings 


Bronze 
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Pressed Steel.... 
Pressed Steel... 
Pressed Bronze... 
Pressed Steel 
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a point adjacent to the raceways and 
in such a way that the old grease is 
forced away from the bearing and, if 
necessary, removed. 

Oil lubrication can be used at low 
speeds and low operating temperatures 
if more convenient. At high speeds 
and high operating temperatures the 
use of oil is mandatory. Oil level 
lubrication, as exemplified on the deep 
well pump in Fig. 6, is usually most 
convenient, providing the operating 
temperature is not too great. Practical 
limits are set by the conditions that 
the oil must be sufficiently fluid when 
the machine has stopped operation 
for some time and that the oil should 
have a viscosity of at least 70 sec 
Saybolt at operating temperature. The 
oil level should be about even with 
the center of the lowermost ball or 
roller when the bearing is stationary. 

These operating conditions are satis- 
factory up to certain speeds, provided 
that the bearing is not operating near 
a heat source. The limiting speeds, 
dn values, which should not be ex- 
ceeded without special attention to 
lubricating conditions, are given in 
Table 1 for various types of bearings. 
In reality no sharply defined speed 
limit exists; but if the limits tabulated 
are to be exceeded, a bearing engineer 
should be consulted. 

While high speed applications often 
require special analysis, two general 
types of high speed lubrication are in 
frequent use. One, exemplified by the 
oil mist lubricator, is used where only 
the heat of bearing friction is encoun- 
tered. By reducing friction to a mini- 
mum this method attempts to keep 
heat production low enough to be dis- 
sipated easily. The other method, 
using circulating oil or cooling coils, 
is advisable if the bearing operates 
near heat sources or if the bearing 
speed is so high that heat from bearing 
friction cannot be adequately dissi- 
pated by normal radiation. 

Ease of assembly, disassembly, and 
maintenance is another factor in the 
choice of bearing type. The designer 
must insure that the bearing mounting 
can be assembled and disassembled 
easily and that the bearing is ade- 
quately protected from water, dust, 
and other abrasive or corrosive ma- 
terials. Provision must be made for 
adequate relubrication and cleaning. 

In addition to these major consid- 
erations there are many special prob- 
lems. Axial motion of the shaft from 
temperature expansion or the eccen- 
tric action of crank motions are prob- 
lems that require the advice of a qual- 
ified bearing specialist. The last article 
of this series will discuss methods of 
computing bearing size. 
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Lakeshore Engineering Co. 


CARGO VESSELS can be a-c equipped and retain all advantages of d-c deck machinery by using the adjustable voltage system for hoists. 


Adyustable-Voltage Control System 


Operating characteristics of a newly developed a-c powered adjustable-voltage 
scheme for driving machines such as cranes that hoist and lower overhauling 
loads. Performance compared with conventional constant voltage d-c system. 


J. E. JONES 


Supervising Engineer, Cutler-Hammer, Inc 


OPERATING CHARACTERISTICS Of a 
newly devised a-c powered adjustable- 
voltage scheme provide more precise 
performance than the constant voltage 
dc system commonly used for hoist- 
ng and lowering heavy overhauling 
dads. The adjustable-voltage system 
Nas the desirable trait of drooping 
peed with load in either direction of 
tavel. Compared with the d-c sys- 
tm, in the 25 to 50 hp range the a-c 
‘tive is only about one-third bigger 
ind heavier. This includes the hoist 


motor, miotor-generator set, brake, 
control panel and master controller. 
Because of the overall operating eff- 
ciency, the m-g set is relatively small. 
Engineers of the Reliance Electric and 
Engineering Company have been most 
helpful in the procurement and prepa- 
ration of the data on which the fol- 
lowing discussion is based. 


SPEED-TORQUE COMPARISON 


The accepted standard of compari- 
son for hoist drives is the performance 
of a constant voltage direct current 
system using a series-shunt or series 
type hoist motor. Typical perform- 
ance curves for a 50 hp d-c high speed 
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hoist with dynamic lowering control 
are shown in Fig. 1. The d-c series 
motor characteristic curves in the hoist- 
ing quadrant are ideal for hoist serv- 
ice These have inherent droop pro- 
ducing high speeds with light loads 
and correspondingly lower speeds at 
heavy loads. The operator has the 
“feel” of having complete control at 
all times. The dynamic lowering 
quadrant curves have a speed-load re- 
lationship opposite to that of the 
hoisting quadrant. Here the lowering 
speeds are faster for heavy loads than 
for lighter loads. 

Performance of the adjustable-volt- 
age system is shown in Fig. 2. The 
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Fig. 1—Typical performance curves for a dynamic lowering high 
speed hoist operated on constant voltage direct current power. 


data, curves, and oscillograms are from 
tests of a full size hoist rig driven by 
a 50 hp d-c hoist motor under actual 
operating conditions, hoisting and low- 
ering known loads of different 
weights. The hoist was rated at 6,600 
lb and 220 ft per minute. The curves 
in the hoisting quadrant are similar 
to those in Fig. 1. But unlike the d-c 
system, the new system also gives 
similar performance curves in lower- 
ing direction. In the power lowering 
quadrant of Fig. 2, ample torque pro- 
vides for rapid acceleration to obtain 
fast response under light load condi- 
tions. High light-line speeds, match- 
ing those in the hoisting quadrant 
are obtained. In the dynamic lower- 
ing quadrant on the same operating 
oint of the control heavy loads are 
Dai at slower speeds than lighter 
loads, thus giving a feeling of com- 
lete control when lowering heavy 
an The operator has no hesitance 
in using the high speed point for 
lowering heavy loads so all speed 
points are used. 


Basic CirRCcuUIT 


In the schematic diagram of the 
new circuit, shown in Fig. 3, the start- 
ing contactor M connects the m-g set 
to the a-c supply lines. For simplicity, 
the pushbutton and operating coil for 
M are not shown. 

The adjustable-voltage armature 
loop circuit comprises the main gen- 
erator armature, an overload relay 
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OL, a load relay LR, a 5 volt drop 
resistor R1-R2 and the hoist motor 
armature. By means of contactors 
1FS and 2FS, auxiliary fields for both 
the main generator and the hoist motor 
are connected across the R1-R2 re- 
sistor as required. Since the voltage 
drop across R1-R2 is proportional to 
the armature current, these auxiliary 
fields act as series fields except that 
they can be disconnected from the 
circuit. 

Constant voltage direct current for 
the shunt fields and d-c control devices 
is supplied by the exciter. Direction 
selection is obtained by energizing the 
H or L relays. These reverse the 
main generator shunt field resulting 
in the proper generator polarity for 
hoisting or lowering. 

For either hoisting or lowering, 
the different operating speed points 
are controlled by the field relays 1FA, 
2FA, 3FA and 4FA commutating re- 
sistors in the shunt field circuit of the 
generator. These relays are inter- 
locked to operate in succession, with 
no additional time delay for closing. 

Relay BR controls the shunt coil 
type brake. Relay S connects the shunt 
field to the armature of the generator 
when the equipment is standing idle. 
This reduces the circulating current 
in the closed armature loop circuit to 
a low value. The normally closed $ 
contacts place the generator field and 
armature in reversed polarity with 
respect to each other; thus any gen- 
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Fig. 2—Typical performance curves for a high speed hoist using 
a-c adjustable-voltage control. Overhauling loads regenerate power 


erator residual voltage is bucked out 
by its own shunt field. Such a circuit 
is both simple and effective. 

Voltage relay VR connected across 
the main generator armature drops out 
at low generator voltage. Its nor- 
mally closed contact limits the plug- 
ging loop circuit voltage when the 
master is operated rapidly from one 
extreme position to the other. To 
reduce brake wear, the VR normally 
open contact controls BR to delay 
braking until the hoist is slowed down 
by regenerative braking. 


OPERATION 


In the hoisting quadrant the hoist 
motor operates at ali times as a com- 
pound motor so the contacts of 2FS 
are closed. The amount of droop of 
the curves in Fig. 2 primarily depends 
upon the amount of motor compound. 
ing, since the main generator operates 
as a shunt machine. On the low speed 
operating points, a small amount of 
generator compounding through con- 
tacts 1FS§ bolsters the generator volt- 
age at low shunt field excitation. Low 
speeds are obtained without using re- 
sistors in the main circuit thus obtain- 
ing stable operation and relatively 
high efficiency. 
The torque available for acceleration 
in the lowering direction and the 
speeds for driving a light hook down 
are shown in the power lowering 
quadrant of Fig. 2. In this quadrant, 
the hoist motor operates as a sti right 
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Fig. 3—Schematic control diagram for an a-c adjustable-voltage hoist system. 
If both brake and a-c fail while lowering, a special circuit keeps speed low. 


shunt machine, since load relay LR 
holds contacts 2FS open. 

With the system operating in the 
lowering direction, an overhauling 
load is lowered as shown in the re- 
generative lowering quadrant of Fig. 
2. When the master controller is 
moved to the lowering side, operation 
is in power lowering for acceleration; 
but as the load overhauls the hoist the 
positive armature current decreases, 
passes through zero, and builds up as 
regenerative current in the opposite 
direction. As the armature current 
passes through zero, the load relay LR 
opens, contacts 2FS close and connect 
the motor auxiliary field in circuit. 
In the regenerative lowering quadrant 
the motor fields are cumulative. Be- 
cause of the overhauling load, the 
hoist motor acts as a cumulatively 
compounded generator and the droop- 
ing speed-torque curves result. 

The amount of regenerative power 
depends upon the load and the speed 
of lowering. Whenever the regen- 
erative power exceeds the electrical 
and mechanical losses, power is re- 
turned to the a-c lines by the m-g set 
driving motor operating as an asyn- 
chronous generator. 


SMOOTH TRANSITION 


Response to the master controller is 
quick and smooth. Because of the 
inherent inductive effect of the fields, 
smooth, stepless transition of speed 
i$ obtained and during acceleration 


o/ ts 


v 
meter 
Hoist motor Hoisting ; tach? 570 rpm 
acceleration; f 
100 % ii HS cycles____ 
positive 193 sec 


motor 
torque 


(A) A-C ppe am ' 
76 amp 











and deceleration peaks of current in 
the main circuit are limited to rela- 
tively low values. 

The performance results in Fig. 4 
are from oscillograms taken with full 
rated load on the hoist. In each 
operation, the master controller was 
thrown as rapidly as possible to the 
maximum speed point, to obtain the 
peak currents and the speed of re- 
sponse. 

In Fig. 4 (A), the master was 
moved rapidly to the fifth hoist point 
and the hoist motor reached full speed 
in less than 2 sec. Compared with a 
steady state load condition of 195 
amp, the maximum peak of the loop 
current was less than 250 amp. The 
alternating current of the 440 volt 3 
hase m-g set driving motor increased 
gradually to 76 amp. The hoist motor 
delivered full rated torque. 

In Fig. 4 (B), the controller was 
moved rapidly to the fifth lower point 
and full speed was reached in. less 
than 1.2 sec. Because of the reversal 
of the frictional effects in the mechan- 
ical system, the holdback effect re- 
quired 77 percent of rated motor 
torque. The direct current amperes 
graph shows that the hoist motor took 
power from the generator at the start 
of acceleration and then began to re- 
generate to develop the necessary hold- 
back. The load relay LR released 
when the d-c current passed through 
zero. Alternating current power was 
taken from the lines at the start of 
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4—Performance oscillograms for full load 
speed of an a-c adjustable-voltage hoist. 


acceleration and then reversed with 
40 amp pumped baci: into the power 
lines during steady running. 

With the “steady-state”, full speed, 
full load lowering condition of Fig. 4 
(B), the master was moved as rapidly 
as possible to the off position to obtain 
the deceleration performance in Fig. 
4 (C). It is interesting to note that 
the load and all of the moving parts 
were brought to a stop in less than 
0.9 sec. The peak regenerative loop 
current was less than 150 percent rated 
current and the a-c regenerative peak 
was about 60 amp, without distress to 
any of the mechanical or electrical 
equipment. 


SAFETY CIRCUITS 


Hoist installations usually require 
a safety lowering circuit, to take con- 
trol in the event the solenoid-oper- 
ated holding brake failed to exert 
sufficient torque to hold the overhaul- 
ing load. The adjustable-voltage cir- 
cuit of Fig. 3 incorporates a safety 
lowering circuit since the hoist motor 
operates as a series generator and 
exert regenerative holdback if the 
brake fails. The hoist motor auxiliary 
field produces the series generator 
effect and because the loop circuit re- 
sistance through the de-energized gen- 
erator is low, the safety lowering 
speed is low. 

The safety lowering circuit is stable 
as long as the m-g set can regenerate 
into the power lines, but a loss of a-c 
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Comparison of power consumption for 50 hp winch service of a-c adjustable- 
and constant-voltage d-c dynamic lowering hoist systems. A-c system takes less. 


Reliance Electric & Engineering Co. 


6—Motor, generator, and exciter comprise a compact self-contained a-c power unit. 


power might let the m-g set ov erspeed 
to destruction. A novel circuit in Fig. 
3 also protects against simultaneous 
failure of the holding brake and the 
a-c supply. The m-g set driving motor 
has 3 normally open starting contacts 
M for connection to the a-c lines and 
> normally closed contacts that con- 
nect 2 leads of the a-c motor to the 
d-c loop circuit. Assume the hoist 
control in the off position with a heavy 
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load that causes the holding brake to 
slip. The load is allowed to lower 
slowly, with the hoist motor regen- 
erating back through the m-g set. If 
the a-c power fails, the M contactor 
opens and the d-c voltage present 
across the loop circuit is connected to 
one phase of the m-g set driving motor. 
This d-c voltage, applied to the stator 
of the squirrel cage motor, produces a 
dynamic braking action that prevents 


the m-g set from over-speeding. The 
system settles down to a safe lower 
ing speed where the overhauling effort 
of the load is absorbed by the braking 
in the squirrel cage motor and by the 
electrical losses. 


POWER CONSUMPTION 


The power characteristics of the 
adjustable-voltage system are compared 
in Fig. 5 with a typical constant-volt- 
age dynamic lowering system such as 
used for cargo handling. The hoisting 
curves show how the adjustable-volt- 
age hoist uses power in a direct rela- 
tion to the als and speeds. During 
hoisting, with the constant-voltage 
system, speed control is obtained by 
the use of main circuit, armature shunt 
and series resistors. 

The power characteristics for the 
first and fifth points lowering are 
shown in Fig. 5. The second, third 
and fourth points are uniformly spaced 
between the first and fifth, but for 
simplicity are not shown. The con- 
stant-voltage system used a large 
amount of power to lower a load at 
slow speed because of the high cur- 
rent needed for series field excitation 
and because the resistors must provide 
a low armature voltage. Contrasted 


with this, the adjustable-voltage system 
consumes a small amount of power 
for slow speed lowering and pumps 


power back into the lines for higher 
speeds lowering. This pump back 
energy represents a direct saving in 
operating cost as it subtracts from the 
energy registered on the watthour 
meter. The curves show clearly that 
the adjustable-voltage system has a 
decided operating cost advantage on 
a busy hoist. 

The performance and data discussed 
was obtained with a 50 hp conven- 
tional hoist. However, the m-g set 
consisted of a 25 kw generator driven 
by an a-c, 1,750 rpm 60 hp 4 hr duty 
motor with a high pull out torque. 
The exciter was belt driven resulting 
in the compact unit shown in Fig. 6. 
A fan on the shaft at the a-c end cir- 
culated cooling air through the unit. 
On a 2 hr test run of continuous 
cycling with rated load, the hottest 
part of the m-g set had a temperature 
rise of only 27 C. 

With careful design and selection 
of equipment, the space and weight 
factors of adjustable-voltage equip- 
ments can be kept within practical 
limits so they merit consideration on 
applications where performance pre- 
cision is needed. The newly devel- 
oped adjustable-voltage system will be 
fitted into industry wherever its sim- 
plicity, flexibility, and precise perform- 
ance fulfills a need better than other 


available systems that are now in use 
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VIEW OF THE ANECHOIC ROOM at Parmlee Sound Laboratory taken through the observation window. The microphone is trained 
on a small relay. Precise intensity levels determined in this manner are seldom required for acoustic improvement of most products. 


Fundamentals of Noise 


è Relationship between sound and hearing that must be 
appreciated before products can be improved acoustically. 





è Effect of intensity and frequency on apparent loudness and 


annoyance. 


è The masking effect of background noise. 
b Predesign considerations for good acoustic performance. 


HOWARD C. HARDY 


Supervisor, Acoustics and Vibration Section 
Armour Research Foundation of Illinois Institute of Technology 


TWO ECONOMIC FACTORS are forcing 
engineers to attend to the acoustic per- 
formance of their products. First, 
the customer is becoming increasingly 
norse conscious. Second, it is cheaper 
to design with acoustic factors in mind 
than to correct them in the production 
model. 

Although reasonable success has 
been obtained in the acoustic design 
of electric fans, refrigerators, some oil 
heating units and some parts of auto- 
mobiles, there has been almost com- 
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plete dependence on cut-and-try meth- 
ods. Design engineers have had little 
acoustic data offered to them in con- 
venient shape for application to prod- 
uct development. 

The problem of the engineer con- 
fronted with a noise trouble has not 
been that he has difficulty in finding 
answers, but that he is sometimes puz- 
zled as to what questions to ask. Psy- 
chological aspects of hearing further 
confuse the noise analysis. What a 


sound meter reads and what the hear- 


ing sense perceives are often two dif- 
ferent things. Knowledge of how 
the ear responds is all that one needs, 
sometimes, to resolve a noise problem. 

This discussion of sound and its 
effect on the ear will be followed by 
later articles: basic sources of sound 
and sound transmission; the appara- 
tus required for the measurement of 
sound; application of this knowledge 
to reduce acoustic annoyance in ma 
chines. 


LOUDNESS 


The intensity of sound is defined 
as the amount of energy being propa- 
gated through a square centimeter of 
air. The sound pressure is the alter- 
nating pressure of the air caused by 
the application of sound energy. The 
intensity J and sound pressure p are 
related, in a plane wave, by 

=Ë 1) 
where p is the density of the air and 
c the velocity of sound. The product 
of these last two quantities is some- 








times called the specific acoustic im- 
pedance of the air and has a value of 
42 g sec* cm™, or 42 acoustical units. 

At 1,000 cycles the average hearing 
threshold is an intensity of 10°* watts 
per square centimeter. This cor- 
responds to an amplitude of sound 
pressure of 0.000 204 dynes per square 
centimeter. As a comparison, atmos- 
pheric pressure is approximately 
1,000,000 dynes per square centimeter. 
The human ear can also detect sounds 
up to approximately 10°‘ watts per sq 
cm, when pain begins to be felt. This 
is a range of a million times in pres- 
sure, but even the highest pressure 
fluctuations, those for 10° watts per 
sq cm, are still only 1/5,000 of an 
atmosphere. With this remarkable 
sensitivity of the ear, only minute 
amplitudes of vibration are needed to 
make sound audible. The amplitude 
A of a sound of a given pressure can 
be calculated from the equation 


ae 
2xf(pc) 


where f is the frequency. Thus a 
thousand cycle note at the level of 
ordinary conversation, which is 0.2 
dynes per sq cm, has an amplitude of 
0.76 x 10° cm, or approximately 3 
ten-millionths of an inch. 

To cover the million-to-one range 
of pressure to which the ear is sensi- 
tive, it is convenient to use decibel 
units, the decibel being defined by 


db = 10 log? = 20 log ” (3) 


I ~~ Pi 
where l/l, is the ratio of two inten- 
sities, and p/p, the ratio of two sound 
pressures. If a pressure of 10™ watts 
per sq cm is taken as the threshold of 
hearing, one can speak of a sound 
being so many “decibels above the 
threshold,” which is usually shortened 
to so many “decibels.” A scale in Fig. 
1 shows the decibel levels of sounds 
that the average listener might hear. 
The important psychological fact 
is that the response of the ear is not 
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Fig. 1—Decibel and equivalent energy for common sounds, comparing the intensities 
of everyday noises. Courtesy of The Journal of the Western Society of Engineers. 


may vary a great deal in their inten- 
sity, the ordinary speech levels are 
given as a reference intensity. 

Curves that convert sound intensity 
measurements to loudness units are 
given in Fig. 3. Curve A is for 100 
cps, where the sound intensity must 
be 38 decibels above the 1,000 cps 
threshold in order to be heard at all. 
Curve B is for 300 cps and Curve C 
for the 800-2,000 cps region. The 
curves for the higher frequencies are 
parallel to C, with greater loudness 


for the same intensity at 3,000 cps 
and reduced loudness at the higher 
frequencies. The human ear can hear 
up to a frequency between 10,000 and 
24,000 cps, depending on the in- 
dividual. 

Curves A, B and C are only for 
pure tones. When a sound consists of 
more than one tone, it will sound 
louder than a pure tone, even though 
the intensity is the same. For in- 
stance, a 300 cps fundamental and 
nine equally intense harmonics, 600, 
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linear with pressure. There are marked 
variations of apparent loudness with 
intensity and frequency. Therefore, 
it is necessary to refer to a set of loud- 
ness contours, Fig. 2, the well-known 
Fletcher-Munson curves (see Fletcher 
and Munson, Journal of the Acoustical 
Society of America, Vol 6, 82, 
1933). It will be noticed that only 
above 90 decibels are the curves fairly 
flat. This means meter readings of in- 
tensity have to be converted in order 
to measure loudness. Typical machine 
sounds have been added below the 
chart to indicate their relative fre- 
quency. Since these machine sounds 


E - Wide flat band noise 


L 


sity Level (Decibels) 


zig. 3—Curves for translating pure and mixed tones of various frequencies into loudness. 
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Fig. 2—Fletcher-Munson contours of equal loudness show how the ear interprets noises 


for different intensities and frequencies. 


900, 1,200, etc, give the loudness 
Curve D. (For further information on 
the subject consult Bell Telephone 
Technical Monograph B-1937. ‘Pitch, 
Loudness, and Quality of Musical 
Tones” by Harvey Fletcher.) A broad 
band noise source with all frequencies 
present gives Curve E (see Fletcher 
and Munson, Journal of the Acoustical 
Society of America, Vol 9, pp 1-10, 
July, 1937). One can see, therefore, 
that sound meter readings, which are 
essentially pressure measurements, are 








Arrows indicate direction 


of design objective. 


misleading if a simple correspondence 
between intensity and loudness is as- 
sumed. This does not mean that good 
acoustic measurements cannot be made. 
It does mean that the interpretation 
is as important as the measurement. 


ANNOYANCE 


The annoyance of a sound is not 
directly proportional to the loudness. 
Not too accurate measurements have 
been made of annoyance, although it 
is well known that high frequencies 











Fig. 4—As frequency increases, annoyance rises faster than loudness. 
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are more annoying than low. The re- 
sults of some measurements at Har- 
vard University are given in Fig. 4. 
(See “The Relative Annoyance Pro- 
duced by Various Bands of Noise”, 
Harvard Psycho-Acoustic Laboratory. 
PB-27306. Office of the Publication 
Board, Department of Commerce.) As 
frequency is increased from 100 to 
10,000 cps there is about ten decibels 
increase of annoyance. 

Other factors that contribute to the 
annoyance are: intensity flutter, fre- 
quency flutter or warble, and certain 
combinations of tones. Also, sounds 
at large random intervals are usually 
much more disturbing than sustained 
noises. Little quantitative work has 
been done on these effects. 


BACKGROUND NOISE 


Background noise is an important 
factor which is generally overlooked. 
Such noise tends to mask the presence 
of other sound sources. A clock tick- 
ing or a clicking thermostat relay can 
be most disturbing in the quiet of the 
night, yet go unnoticed in ordinary 
daytime activity. 

Background noise is most effective 
in masking a sound when there are 
frequency components in the back- 
ground close to the frequency of the 
sound being emitted. In a wide band 
noise background it is possible to hear 
a pure tone when its intensity level is 
approximately 20 decibels below the 
noise level. This is because of the 
selective nature of the ear. 

Most of the noise in the environ- 
ment of the average person consists 
predominantly of components of low 
frequencies. This makes the high 
frequencies much more noticeable. 
Coupled with the facts that the ear 
is less sensitive at lower levels in the 
low frequency region, Figs. 2 and 3, 
and that the higher frequencies are 
much more annoying, Fig. 4, it can 
be seen why good design reduces high 
frequency sound. A reasonable job of 
sound control often consists of simply 
lowering the frequencies of the sound 
source without appreciably changing 
the intensity level. This again points 
out the importance of the true inter- 
pretation of sound level measurements. 

The product engineer must learn in 
what acoustic environment his product 
will be used and what the average 
noise will be in that environment. 
The Bell Telephone Laboratories have 
measured the noise level in the aver- 
age residence. Ninety percent of the 
homes are in the range between 33 
and 52 decibels with an average of 43 
decibels (see D. F. Secord, “Room 
Noise at Subscribers’ Telephone Loca- 
tions,” Journal of the Acoustical So- 
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and Harvey Fletcher, “Hearing, the 
Determining Factor for High Fidelity 
Transmission, Proc. IRE, Vol 30, pp 
7, June, 1942). Curve A is the 
noise per cycle; Curve B the noise in 
a band that has a width of 5 percent 
the center of the 
the band width 
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Cost-Reducing Powder Metallurgy 


WARTIMI develop 
ments in German powder metallurgy 


prepared by Dr. 


NDIN( 


appear in report 
Gregory Comstock, director of 
metallurgy laboratory of Stevens In 


pow de r 


stitute of Technology, as a result of 
information gathered on two trips as 
an OTS investigator. 

In developing powder me 
techniques, the Germans worked along 
different lines from American metal 
This was especially true in 
the manufacture of sintered carbide 
hard metals. The Germans relied en 
tirely on the “hot method, 
while ema industry pressed cold 
and sintered 

aii 
the hard cemented 
appears to have been the standardiza 
tion of compositions and methods of 
manufacture. Aiso of importance are 
numerous new steps pertaining to fab 
rication processes. The hot press, 
used in production ot cores for armor 
piercing projectiles and in develop 
ment of tungsten-free cutting mate 


tall 
tallurgy 


lurgists 


press” 


a sepa rate step. 
development in 
industry 


war 
biis 


rials is reported to be most interesting. 

Americans have long recognized the 
pre ss to 
produce 


using a hot 
inexpensively 


advantage of 
quickly and 
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very large hard cemented 
carbide or a limited number of pieces 
| 


but have been 


opyects ol! 


of intricate cross-section, 
faced by difficulties. 

German technicians surmounted the 
difħculties usually with si 
multaneous application of great heat 
and pressure loss of molten binder by 
extrusion—by using carefully weighed 
prepressed charges with a constant ap- 
parent density to control final volume 

The German hot press is of the 
graphite resistance type, a spring 
clamped mold being the resistor. A 
separate mechanical or hydraulic sys 
tem is used for applying top and bot 
tom plunger pressure. Technicians 
designed a series of auxiliary machines 
for mass producing mold, plunger and 
separator forms. 

All types of molten metals, alloys 
or even emulsions of nonalloying 
metals were disintegrated by a rotating 
disk method. The process, developed 
by Deutsche Pulvermetallurgische Ge- 
sellschaft and licensed for use by 
eight other metal plants, is relatively 
simple. Molten metal, superheated in 
the case of metals of high melting 
point, flows through a funnel crucible 
having a nozzle 7 to 9 mm in diameter, 


associated 


of the General Radio sound analyzer. 
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The masking level of this noise is 
given by Curve C; that is, a pure tone 
would have to be as high as the mask- 
ing level shown to be heard. This 
curve may be taken as the design goal 
of the noise spectrum for products to 
be used in the home. 


PRELIMINARY ACOUSTIC 
CONSIDERATIONS 


The following is a suggested series 
of acoustic questions that the engineer 
should answer in the early design 
stages, 


1. In what background noise level will 
the product be used? 

2. What is the spectrum of the back- 
ground? 

What noise level does previous ex- 
perience lead one to expect from the par- 
ticular product? 

What noise spectrum will the product 
have? 

5. How much quieting will be sufficient 
and in what part of the spectrum will this 
be necessary? 

6. Is there likely to be a 
annoying effect from the repetition 
other factors in the noise 


particularly 
rate or 


These questions having been an- 
swered, the designer is ready to tackle 
the problem of where the noise comes 
from. This will be taken up in the 
second this series. 


article of 





Tech niq ues 


ind strikes a disk. ] he disk has h 
mounted on it and ro 
speed. The molten stream is in osed 
by a cone formed by a ring 
nozzle fixed below crucible out 


tates at mgn 


water 


Size and shape of partic! les is 
changed by varying rotation spe 1 of 
the disk from 2,000 to 6,000 rpn and 
by regulating the water nozzle. The 


a container by 
slime 


powder, washed into 


forms a 


water used in the cone, 
that is PI dried. The result ing pow 
der has a particle size of about 0.0 


millimeters. Copper, silver and alumi- 
num powders have been produced by 
this process. : 

Metal powders were also produced 
by pressure atomization with steam 
The shape of iron powder particles 
produced by this method is more nearly 
spherical than those produced in the 
rotating disk method, but "'pressabil- 
ity” is not as satisfactory. 

Orders for the report (PB 39354! 
“German Powder Metallurgy’, 128 
pages mimeographed, $3.25) should 
be addressed to the Office of Tech 


nical Services, Department of Com 
merce, Washington 25, D. C., accom 
panied by check payable to the Treas 


urer of the United States. 
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From a paper “New Developments in 
Steel” by Dr. M. A. Grossman, director of 
Research, Carnegie-Illinois Steel Corp., 
presented before local chapter of American 
Society for Metals, Des Moines, Iowa. 


STEEL PROPERTIES. In the past few 
years it has become more and more 

apparent that true mec ‘-hanical behavior 
an only be explained ultimately in 
tems of fundamental properties. 
Therefore, increased attention has 
been given to flow and fracture condi- 
tions and especially to behavior under 
multiaxial stresses. 

Numerous failures in welded mer- 
chants ships early in the war empha- 
sized the need for a better under- 
standing of the behavior of steel under 


severe service conditions involving 
notches, severe constraints, low tem- 
peratures, sudden loadings, etc. Ex- 


periments on models of hatch corners 
and on large 6 x 10 ft tensile speci- 
mens (believed by some to simulate 
service conditions) indicate that with 
few exceptions steels can be rated 

to their behavior in these tests by the 
order of their transition from tough to 
brittle behavior in the notched bar 
impact test. ; 

With such correlations, it seems 
essential than ever that the 
mechanics of the impact test be under- 
stood, and that the mechanism of re- 
sistance to crack propagation be 
studied in terms of fundamental flow 
and fracture properties. 

Another field of relatively intense 
activity is sheet metal forming. New 
approaches to the problem have been 
made through the fundamental ma- 
terial properties. The mechanics of 
forming operations must be clearly 
understood so that the requirements 
placed on the metal can be ascer- 
tained and the material properties of 
importance determined, especially for 
fow under multiaxial stress. 

Information has been obtained on 
the effect of various alloying elements 
in steel on corrosion resistance. As a 
‘onsequence more intelligent use of 
high strength and low alloy steels is 
now possible in various corrosive en- 
vironments. Development of new 
synthetics provide better corrosion 


more 
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Some New Developments in Steel 


resistance coatings. Of particular in- 
terest is the war development of new 
inhibitive paints with zinc chromate. 


New Propucts. Stainless W, an age 
hardening 18-8 steel, is one of the 
few really new developments in stain- 
less steels in recent years. Attempts 
in this direction necessitated cold 
working to produce aging In this 
new development, aging is obtained 
without cold working. Depth of 
hardening is not limited by harden- 
ability considerations and the uniform 
hardness of Rockwell C-45 has been 
obtained through a 6 in. cross-section 
of materials. There appears to be no 
limitation to the depth of hardening. 
Previously, the desirable combination 
of hardness, high strength and cor 
rosion resistance of 18-8 was limited 
to products obtained only by cold 
working, such as sheets, strip, wire, 
and tubes. Extensive research revealed 
that the composition of Stainless W 
must adhere quite closely to the fol- 
lowing percentages: 0.07 C, 0.50 Mn, 
0.010 P, 0.010 S, 0.50 Si, 7.00 Ni, 
17.00 Cr, 0.70 Ti, 0.20 Al, balance 
Fe. 

The intergranular corrosion of 18-8 
is a precipitation of carbide. Since 
it had not been possible to make 18-8 
steel free of carbon, the harmful car- 
bon behavior had been circumvented 
by adding titanium or columbium to 
the steel. This precipitates the car- 
bon in the form of harmless titanium 
carbide or columbium carbide. But 
titanium and columbium are expen- 
sive and sometimes entail certain diffi- 
culties. Thus by a neat trick in phys- 
ical chemistry, it is possible to make 
18-8 so low in carbon that inter- 
granular corrosion is vastly reduced 
and sometimes eliminated. 

Again in the field of 18-8 stainless, 
the war found renewed attempts to 
avoid the use of nickel. Numerous 
publications referred to the use of 
nitrogen, which strangely enough is 
very powerful in stabilizing austenite, 
although the amount that can be used 
is limited. 

Extending beyond the 18-8 into 
the range of higher alloy contents, 
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there has been increasing demand for 
alloys having strength at high tem- 
peratures, during the war for such 
applications as superchargers, and 
now for such fields as gas turbines. 
The amount of alloy was gradually 
increased, until indeed in many in- 
stances there was no longer much 
iron. Outstanding at these upper 
limits were the nickel-base alloys, the 
cobalt-base alloys, and Parke’s vacuum- 
melted chromium-base alloys. 

In addition to N. E. Steels, another 
factor in conserving alloys during the 
war was boron, which played possibly 
a minor role and yet in its way a spec- 
tacular one. Fantastically small 
amounts of 0.002 to 0.003 percent 
of boron substantially increased 
hardenability. Greater amounts were 
less effective and even harmful, so the 
use of boron had limitations. A 
dozen various proprietary ferro-alloys 
now incorporate boron. 


its 


OTHER STEELS. Many agencies and 
some steel producers are trying to im- 
prove the quality of ordinary ship 
plate for hull construction by en- 
hancing the notch toughness of plain 
carbon steels without reducing the 
strength level. Work on the regular 
ship plate material used extensively 
during the war indicated that the start 
of the transition of a typical semi- 


killed material in 4 in. thickness is 
about +33 F and for 1 in. plate is 
about +60 F. By simply lowering 


the colton and raising the manganese 
in a semi-killed grade, the start of 
the transition for a typical material 
would be —25 F and 0 F respectively. 
It has been further demonstrated that 
if this lower carbon, higher manga- 
nese type is made silicon-aluminum 
killed, the start of the transition might 
be represented by —60 F for 3 in. 
plate and —25 F for 1 in. plate. But 
the significance in service of materials 
showing these differences in transition 
temperatures in the notched bar test 
has not been established, although the 
trend is in the right direction. 

The outstanding development in 
sheet and strip products within the 
past five years is the widespread ap- 
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plication of aluminum killed steel for 
deep drawn objects. This grade of 
steel has superior forming qualities 
and for that reason has supplanted 
the selected rimmed grade of steel 
formerly used for automobile fenders 
and similar articles. 

Ti-Namel, developed by Inland 
Steel Company and Titanium Alloy 
Manufacturing Company, is said to 
take a cover coat vitreous enamel 
without a prior blue (cobalt) ground 
coat. Reportedly it derives superior 
enameling properties because titanium 
combines with carbon to form a stable 
carbide. 

During recent years many manu- 
facturers of high strength steels for 
structural applications have made im- 
provements in their proprietary grades. 
Most of the changes made have been 
in the direction of adding nickel, 
reducing en and investigat- 
ing deoxidation practices for the pur- 

ose of improving weldability, rolla- 

ility, and low-temperature toughness. 

During this time, some new and im- 
proved grades of high strength steel 
have been introduced including: 

Aldecor: A silicon-copper-molybde- 
num steel with phosphorus. 

Improved Hi-Steel: A copper-nickel 
steel with phosphorus, changed by 
lowering the ‘aan and phosphorus 
and adding molybdenum a alu- 
minum. 

Improved Cor-Ten: A silicon-cop- 
per-chromium steel with phosphorus, 
improved by decreasing the phos- 
phorus, silicon, and chromium and 
adding a small amount of nickel. This 
resulted in better performance in the 
T-bend weld test and in the notch- 
bend impact test. 

Manganese-Nickel-Copper: A grade 
with good average properties for a 
high strength steel. 

The use of electrolytic tin plate 
during the war period was a neces- 
sity due to tin shortage. One-half 
pound of tin per base box supple- 
mented by a lacquer coat was substi- 
tuted for many uses where hot dipped 
plate with heavier weights of coating 
(1.25 to 1.50 pounds) were used 
before the war. The installation of 
electrolytic tinning units and develop- 
ment of complex mechanism for their 
operation involved the expenditure of 
many millions of dollars. Naturally, 
these modern lines are high speed in 
operation. They required continuous 
research in mechanical and electrical 
control devices, conveying equipment, 
and chemical engineering. Research 
studies of variables of operating prac- 
tice such as black plate preparation, 
surface finish, annealing, temper pass, 
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electro-melting, 
chemical treatment, oiling and finish- 
ing operations have resulted in a 
clearer understanding of the effect of 


pickling, plating, 


these operations on the py and 
suitable uses for this product. Cor- 
rosion studies have resulted in a clearer 
knowledge of the mechanism of can 
failure. Standard practices have been 
established to insure uniform quality 
of this type of tin plate, which may 
not replace the hot dip variety but 
will probably increase in volume. 


CONTROL. Marked progress has been 
made in the development of instru- 
ments and control devices for con- 
tinuous hot rolling, cold reduction, 
shearing, coating, finishing and in- 
spection equipment for flat rolled 
steel products. Electronic devices of 
new design control some of these 
high-speed continuous operations. 
With cold reduction speeds as high 
as 3,500 fpm, a close control of mill 
pressure and tensions are required to 
obtain uniform thickness. Coil an- 
nealing equipment has been increased 
in size a uniformity of control. 
Rolling speeds in temper rolling have 
attained approximately 2,500 fpm. 
Electrolytic tinning speeds have in- 
creased from 200 to 500 to 1,000 fpm. 
With such operations manual control 
is impractical. 


WELDING. During the war, most of 
the tremendous expansion of welding 
was because of increased use of ex- 
isting processes. One exception was 
the inert gas shielded metal-arc weld- 
ing, that uses a non-filler-metal tung- 
sten or carbon electrode shielded by 
an envelope of helium or argon. These 
gases exclude the nitrogen and oxy- 
gen of the air. Such welding is use- 
ful particularly in the field of non- 
ferrous metals. 

One new electrode development is 
the controlled hydrogen electrode 
that is covered with a coating that 
evolves little or no hydrogen. In 
this respect the coating is similar to 
that on a stainless steel electrode. 
Such electrodes inhibit the formation 


of cracks in the base metal under- 
neath the weld metal. 
HEAT TREATMENT OF STEEL. In re- 


lation to obtaining strength by quench- 
ing and tempering, there is increas- 
ing realization of the importance of 
microstructures. This involves the 
inter-relation of the structures pearlite, 
bainite, and martensite. The im- 
portance of hardenability is recog- 
nized in establishing limits in the 
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torm of hardenability bands (so called 
H-bands), which in heat-treating 
problems are coming to be recognized 
as being more important than a rigid 
adherence to narrow chemical specifi- 
cations. 

Induction hardening is increasing 
in the industry. Decisions to use it 
are often based as much on compact- 
ness and convenience of using the 
equipment as on performance of the 
heat-treated product. 

Refrigeration of hardened steel, or 
deep-freeze treatment, is receiving in- 
creased attention. As is known from 
much earlier investigations, the effect 
is to transform austinite that was re- 
tained in the microstructure in the 
quench into martensite. Possibly one 
factor in the increased popularity of 
the treatment is the greater avail- 
ability of refrigerating equipment. 
The treatment seems to be useful in 
some applications, especially some 
tool steels, but for other applications 
the merit seems questionable. 


TESTING. Sound waves are used for 
searching out imperfections in steel, 
at frequencies in the supersonic range 
(P. E. Oct. 1947, pg. 113) In the 
supersonic test a quartz crystal con- 
tacting the piece to be tested through 
an oil film sends into the work a few 
sound waves of short wave length 
This wave group is reflected from the 
side of the work most distant from 
the crystal and upon returning and 
striking the crystal generates in it a 
voltage whose time of arrival is indi- 
cated on a cathode-ray oscilloscope. 
Any imperfection is detected by its 
reflecting a part of the wave group, 
and this reflection arrives at the crys- 
tal before the reflection from the dis- 
tant side of the work. Thus the 
length of path travelled by the re- 
flected wave can be calculated. 


Glass-To-Metal Sealing 


From “New Techniques in Glass-to-Metal 
Sealing” by Joseph A. Pask, Westing: 
house Electric Corporation, present 
March 4, 1947, at the annual meeting of 
the Institute of Radio Engineers. 


THE USUAL TECHNIC of making glass 
to-metal seals consists of cleaning the 
metal, properly oxidizing it to de 
velop a strong vacuum-tight seal, and 
sealing the glass to the metal while 1t 
is still hot. Consequently, in seals 
made on the glass lathe, success ' 
dependent entirely upon the skill and 
‘alam of the operator, which 1$ 
especially true on large and intricate 
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seals. He must decide whether he is 
oxidizing sufficiently and whether a 
firmly adhering oxide layer has been 
obtained. 

The development of a “powder 
glassing” method at the Research De- 
partment of the Westinghouse Lam 
Division enables the making of seals 
on a scientifically controlled basis. 

Data are presented for Kovar ox- 
idized at various lengths of time and 
controlled temperatures. Excellent ad- 
herence of glass to Kovar is obtained 





From a paper “Air Traffic Control,” by 
C. W. Carmody, Chief Air Route Con- 
trol Section, Civil Aeronautics Adminis- 
tration, presented before AIEE, Septem- 
ber 1947, Dayton, Ohio 


NEW FACILITIES that have been or 
are being developed for air naviga- 
tion, communications, and traffic con- 
trol include: 


INSTRUMENT LANDING SysTEM. ILS 
is being installed as a standard air- 
port facility. Present program con- 
templates about 100 completed in- 
stallations by the end of June 1948. 

ILS comprises three elements: The 
localizer, glide-path, and marker bea- 


cons. Approach lighting and radar 
surveillance are additional compo- 
nents of a complete Instrument 


Landing System. 

Aircraft equipment for using the 
ILS system utilizes.a cross-pointer 
instrument for indicating signals from 
the localizer and glide-path. Move- 
ment of top-pivoted vertical needle 
to right or left indicates lateral devia- 
tion from the localizer and movement 
of the left-pivoted horizontal needle 
indicates deviation above or below 
the glide-path. A series of three 
small lights light up in turn as the 
aircraft passes over the marker bea- 
cons. The output of the localizer 
and glide-path receivers can be con- 
nected to a form of automatic pilot 
lor extremely accurate approach. 


VHF Rapio RANGE. The Omni-Di- 
tectional VHF radio range is far 
superior to the previous two-course 
visual range. The Omni-Directional 
tange (VOR) provides a course at 
any compass bearing from the station. 
This facility utilizes the same aircraft 
receiver and adds to the instrument 
panel a Course Selector, by which the 
pilot selects the course desired, which 
is then flown using the cross-pointer 
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with a weighted gain of 0.0003 to 
0.007 g per sq cm, regardless of tem- 
perature of oxidation. 

The powder glassing method of 
making seals consists of grinding the 
glass, suspending the powdered glass 
in a suitable liquid, applying it to 
the prepared metal, and fusing to 
form a thin glass layer. The glass 
tube or bulb is subsequently joined 
to this layer as a glass-to-glass seal. 

Applications of this technique in- 
clude part of the liquid air trap of 
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instrument, and an Ambiguity Indi- 
cator, which indicates whether the 
course flown is toward the station or 
away from it. 

The Omni-Directional radio range 
has been adopted as the standard air- 
way facility to replace the present low 
frequency ranges, and an extensive 
installation program is well under 
way. The complete program includes 
over 400 stations, which probably will 
be installed by June 30, 1948. 


DISTANCE MEASURING EQUIPMENT 
(DME): As an adjunct to the ILS 
and VOR, a substitute for marker 
beacons and other methods of posi- 
tion fixing has been developed. The 
DME is a facility to be installed at 
localizer and VOR stations which will 
permit a pilot carrying the necessary 
receiver to read his distance from the 
navigation facility on a dial. The 
aircraft DME receiver will be so inte- 
grated with the navigation receiver 
that tuning to the proper localizer or 
range frequency will automatically 
tune the associated DME facility. 

Another development is the Off- 
set Course Computer. When also in- 
stalled in the aircraft, it permits selec- 
tion of not only radials of the VOR 
but also any other course, not passing 
over the station, within the coverage 
of the radio range. This equipment 
would permit establishment of air- 
ways containing several parallel lanes 
of air traffic at the same level. 


AUTOMATIC COMMUNICATION AND 


POSTING 
VHF AirR-GROUND COMMUNICA- 
TIONS. A great stride has been made 


in improvement of communications 
between aircraft and the ground 
through adoption of VHF channels 
that eliminate static and increase read- 
ability within a limited range. This 
includes a separate group of chan- 
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a mass spectrometer, which has a Ko- 
var seal close to a heavy a tube. 
Prior to use of the new method, com- 
mon sealing techniques resulted in a 
shrinkage of about 40 percent. The 
powdered glass method produces suc- 
cessful seals, with no shrinkage. 
This technique also allows the mak- 
ing of multi-section blanks employ- 
ing butt seals. Such butt seals could 
not be made on a glass lathe. An 


advantage is that powder glassed parts 
can be stored indefinitely. 


nels for each class of aircraft to use 
in talking to ground stations and 
towers, as well as a group of channels 
for towers to transmit to aircraft in 
flight. Separate channels are set aside 
for communication between the tower 
and aircraft or vehicles on the ground. 
In addition, there are simultaneous 
voice channels on the radio ranges 
and the ILS localizer. These are re- 
ceived simultaneously with the navi- 
gation signals and permit navigation 
and communication with only one 
receiver. 

Development work is being done 
on radio-teletype and radio-facsimile. 

To replace present communication 
nets and manual posting of data two 
things are necessary: (1) A simple 
and automatic communication system; 
and (2) a method of display of 
flight data in the centers, preferably 
actuated directly by the communica- 
tions system. Principal disadvantages 
of the systems developed to date in- 
clude cost of such systems compared 
to possible personnel savings, limita- 
tions in the displays that ordinarily 
use numerals and numerical codes, 
and the inflexibility of such a system 
with the impending changes in the 
air navigation and air traffic control 
system due to adoption of the new 
facilities. 


RADAR. In adapting radar to civil 
aviation, problems include: (1) In- 
creasing the rotation rate of the an- 
tenna; (2) increasing the vertical 
span of the airspace scanned; (3) 
increasing the reliability of the equip- 
ment and decreasing maintenance re- 
quired; and (4) developing opera- 
tional use of radar. The greatest 
problem in the use of radar has been 
the lack of a “daylight scope” that 
does not require complete darkness 
for readability. 


Two major uses for radar are being 
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field-tested for traffic control. First 
is the monitoring of traffic flow in 
and approach control opera- 
Several types of ‘Surveillance 
Radar” have been tried. Search radar 
scanning of the terminal area can aid 
greatly in insuring proper separation 
during final approach, speed up de- 
parture procedures, assist in detecting 
unreported aircraft, and provide for 
emergency assistance to lost aircraft. 
Requirements include: (1) Range of 
30 to 40 miles; (2) a vertical cover- 
age from the ground to 45 deg above 
the horizontal; and (3) a sweep 
speed of 30 rpm. The 12 in. scope 
distance and azimuth of all 
within a 10, 20, or 30 mile 


airport 
tion 


shows 
ircraft 


From “Welding Characteristics of Vari- 
ous High-Temperature Alloys” by C. G. 
Chisolm, Haynes Stellite Company, pre- 
sented October 21, 1947, at the annual 
meeting of the American Welding Society. 
Use of the new high-temperature al- 
loys has been confined, almost exclu- 
sively, to the aircraft industry, since 
these alloys were developed for the 
buckets and blades of aircraft super- 
charger and turbo-jet engines. Be- 
cause of wartime secrecy, restrictions 
of information prevented many con- 
cerned with high temperature prob- 
lems from experimenting with the 
alloys under their own operating con- 
ditions. Full development of these 
alloys as practical materials of con- 
struction for all high-temperature ap- 
plications has been retarded because 
little information has been published 
on their welding characteristics. 

As far as welding characteristics 


are concerned, these alloys can be 
divided into three general groups. 
These are: 

Group I—Cobalt and cobalt-nickel 
base alloys. 


Group II Nickel-base-alloys. 


Group III 


alloys. 
At room temperature, the ultimate 
tensile strengths and yield strengths 


decrease from Group I to Group III, 
and elongation values increase. Thus, 
Group I are more difficult to work 
and form than the alloys in Group 
II or Group III. This is also true 
of the welding characteristics, but 
not to the same degree. 

These alloys can be welded by all 
methods used with the austenitic 
stainless steels. They can be welded 
to each other or to dissimilar alloys. 
The coefficients of expansion are about 
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radius. An essential adjunct is an 
MTI (Moving Target Indicator) cir- 
cuit that eliminates all returns from 
fixed objects causing “ground clutter.” 

In addition to Surveillance Radar, 
Precision Radar is being tested. Pre- 
cision Radar consists of two radar 
units that scan a limited segment of 
airspace in the approach to the instru- 
ment runway. One unit scans the 
approach path vertically, measuring 
the elevation and distance of aircraft 
from the approach end of the runway 
and the other scans the same sector 
horizontally, measuring deviation 
right or left of the center-line of the 
runway as well as distance. The data 
are displayed on another 12 in. scope 


elding High-Temperature Alloys 


50 percent greater than those of mild 
steel, and the heat conductivity is only 
about one-fourth that of low-carbon 
steel. The electrical resistance, par- 
ticularly in the work-hardened condi- 
tion, is higher than that of carbon 
steel. Because of these properties, 
care must be taken to prevent distor- 
tion and residual welding stresses. 
When sheet and plate are welded, 
properly designed jigs and fixtures 
are important. The sequence of weld- 
ing should be planned to avoid 
stresses that result in cracking. Ac- 
curate fitting and edge preparation 
are essential to assure sound welds, 
and to avoid cracks resulting from 
notch sensitivity. Formed and work- 
hardened parts should be annealed. 
The alloys in Group II and Group 
III can be joined by roller-seam weld- 


ing. Long welds have been made 
successfully by this process. A stain- 
less steel exhaust stack on a jet en- 
gine has been fabricated by roller- 
seam welding. Similar sheet-metal 
parts have been made from ‘‘Hastel- 
loy” alloy C and “Multimet” alloy 


sheet. Welds produced by this method 
are sound, clean, and strong. 
Metallic-arc welding is a satisfac- 
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divided into two parts; elevation and 
distance are on the upper half, and 
lateral deviation and distance on the 
lower half. 


OTHER DEVICES AND SYSTEMS. Many 
other devices and air traffic control- 
air navigation systems are being 
developed, including TELERAN, 
LAMAC, block- signal systems, air- 
borne radar, anti-collision devices, 
and radar navigation equipment 
which have not been described in de- 
tail herein. Some of these devices 
are in the field trial or operation test 
stages of development, but their even- 
tual use and/or the type equipment 
to be adopted is still undecided. 


tory method for joining high-tem- 
perature alloys because it is fast and 
accurate. In general, joint designs 


established for stainless steel are ac- 
ceptable for joining high-temperature 
alloys. Coated electrodes are avail- 
able for joining all of these materials 
Sheet-metal parts in a collector ring 
have been joined by the metallic-arc 
process. This same method is also 
used to join precision castings to 
sheet-metal parts. 

Joining blades to wheels for high 
speed gas turbines and rotors was one 
of the most difficult problems en- 
countered in weiding high-tempera- 
ture alloys. 

One kanad alloy No. 30 (Table 
I) blades, 2 long, were joined to 
a ‘“16-25-6” in wheel, 1 in. thick 
and 15 in. in dia by manual and 
metallic-arc welding. A © standard 
A.W.S. “U” joint, with a tang width 
of 0.090 in. and a groove width of 


1 in. was used. Half of the “U” 
form was carried on the wheel and 
half in the blade. 


Combinations of alloy Nos. 21, 30, 
and 31 blades have been welded 
16-25-6" alloy, (Timken Roller 


Bearing Company) and “Multimet” 





Table I—Analysis of Cobalt and Cobalt-Nickel-Base Alloys 


Alloy No. 30 | 





Alloy No. 21 | Alloy No. 23 | Alloy No. 27 | Alloy N 

| | 

| | 
Carbon 0.20 to 0.35% | 0.35 to 0.50% 0.35 to 0.50% | 0.35 to 0.50% | 0.45 to 0.60 
Chromium 25 to 30% 23 to 29¢ 23 to 29% 23 to 29% ph | 23to02 
Nickel. . à 1.50 to 3.50%% | 1.50% max. Balance 12 to 179 | 9 to 
O E TOTE CTE iusi ic Tai ra pare a a | Oto? 
Molybdenum. .| 4.50 to 6.50% | ........... 5to 7% 5 to 7% 
Iron 2.0% max. 2 0% max. 2.0% max. 2.0% max. 2.0% max 
Cobalt Balance Balance 30.0 min. Balance | Balance 


PRODUCT 
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Table Il—Analysis of High Temperature Alloys 





“Hastelloy” 
alloy B 


“Hastelloy” 
alloy C alloy alloy 


“Multimet” 


“Multimet” 


(low carbon) (medium carbon 





OS 0.12% max 0.15% max. 0.20% max. 0.30 to 0.40% 
COMMUNE ccesk kseseesneens 12 to 16% 18 to 22.5% 18 to 22.5% 
Nickel.......... Balance Balance 18 to 22% 18 to 22% 
Molybdenum... . 26 to 30% 15 to 19% 2.75 to 3.75% 2.75 to 3.75% 
COE cE awe nace I) cadre e mer 0.75 to 1.50% 0.75 to 1.50% 
n T E T TERT 3.5 to 5 5% 2 to 3% 2 to 3% 
MN crate de Salt 4 to 7% 4 to 77% Balance Balance 
o ana ia A eera 18 to 22% 18 to 22% 
CRRA) bak UE (bie one ators | 0.10 to 0.20% 0.10 to 0.20% 
| | | 

Š . ; , i ; a 

alloy wheels using these same elec The atomic-hydrogen process has 
trodes. No. 316, “Inconel 132,” and been used for production welding 

Hastelloy” alloys B and C (Table these alloys, and is particularly ap- 


II) have been used with some success 
in experimental wheel welding. 
The “Unionmelt” welding 
which consists of welding electrically 
eath a granulated material, is also 

a with high temperature alloys. 
Because this process is a fast met hod 
of joining blades to wheels, fabrica- 
tors are experimenting with this proc- 
ess for other applications, involving 
the welding of high-temperature 
alloys. One manufacturer recently 
used alloy B and C wire with this 
rocess, and is experimenting with a 
aiin alloy B wire with a 5 per- 
cent chromium addition. 


process, 


plicable for welding sheet-metal parts. 
In this process, the solidifying weld 
metal is protected from oxidizing by 
a blanket of hydrogen gas. No flux 
is required when welding with the 
atomic-hydrogen process, and bare 
welding rods may be used as a filler. 

In the “Heliarc” welding process 
an inert monotomic gas, such as argon 
or helium, is used to prevent oxida- 
tion in the weld metal. Generally a 
single electrode of tungsten is used, 
but carbon electrodes may be substi- 
tuted if proper care is taken to prevent 
carbon absorption in the weld metal 
material. 


Heat Resistant Glass for High Light Intensity 


Foreign abstract, condensed from “A 
Heat-Resisting Glass,” if The Engineer 
(London), March 21, 1947, page 249. 

WHERE high light intensities are 
needed for industrial applications, 
the heat associated with the produc- 


Thickness Relation for Light-Heat 
Transmission (2848 deg. K) 


Thickness | Light Heat 
nm. percent | percent 
| 
0.5 91.3 | 39 0 
1.0 | 90.3 | 23.0 
15 | g9 0 19.0 
2 0 | 88.0 | 14.0 
50 | 8370 | 85 
40 85.0 | 6.5 
0 | 83.0 5.5 
0 ~ io 81.0 | 4.5 
iat eee = 
Refract ive index........ 1.505 
Oia ah hcg col 66.5 
Specific gravity.......... Zag 
herma ıl expansion. . 59 X 1077 
‘Annealing temperature... 550 C 


C 


PRopucr ENGINEERING — FEBRUARY, 1948 


tion of light causes many difficulties. 
It is therefore necessary to remove 
this heat from the stream of radiation 
without reducing the amount of light 
transmitted. 

One difficulty is that the body being 
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lighted gets heated from both visible 
and invisible radiation. Requirements 
of the glass which transmits the ra- 
diation are that it absorbs the in- 
visible part of the spectrum without 
changing the color of the light; and 
it must have heat resisting properties, 
such as low thermal expansion. 

A glass which is claimed to com- 
bine the required properties, and pro- 
duced on an unusual type of base, has 
been developed. It is virtually color- 
less, it does not absorb or change 
the color of any light falling on it, 
and it absorbs almost completely all 
the invisible infra-red portions of the 
spectrum which cause heating. This 
glass is known as “Chance ON19,” 
and is available in flat sheets of 
various thicknesses. 

Physical properties of the class are 
indicated in the accompanying table. 

Since ON19 glass has the 1 property 
of almost complet e absorption of the 
infra-red rays, it gets very hot in use, 
and in spite of its low expansion, 
serious strains can be set up, par- 
ticularly when the radiation does not 
fall uniformly on the glass. In a 
projection system, a heat absorbing 
filter must be placed somewhere be- 
tween the lamp and the film. The 
best place is somewhere near the con- 
denser lens and preferably on the 
lamp side of the con lensers in order 
that the condensers themselves shall 
be subjected only to cool light. A 
small gap should be left between the 
glass and the condenser. It is fre- 
quently an advantage to cut the glass 
into strips sO as tO minimize stresses 
because of uneven heating, but in 
such cases, care must be taken that 
the edges are smooth, and the glass 
must not be mounted so tightly that 
it is fractured. 
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Clutches 


HERBERT F. BARIFFI 


Professional Mechanical Engineer 


By SELECTING lining lengths and loca- 
tions so that the linings are loaded to 
their maximum working capacity, de- 
signs for friction clutches are both com- 
pact and economica!. In the pivoted 
centrifugal friction clutch this is ac- 
complished by making a mathematical 
analysis of the pressure variations along 
the surface of the shoes. 

When designing a drum type fric- 
tion clutch, values for required torque, 
allowable lining pressure, drum size, 
speed of — and friction coeff- 
cient are known. The location and 
length of lining and the physical di- 
mensions of the shoes can be deter- 
mined by mathematical analysis. The 
approximate life of the clutch can also 
be calculated. 

If neither drum nor lining wore, 
pressure would be distributed uni- 
formly over the entire lining. The op- 
erating conditions between drum and 
lining can be described by assuming 
an inflexible lined shoe to be forced in 
place over the pivot so that pressure 
against the drum occurs only in the 
section near the pivot. Infinitesimal 
clearance is given on the remainder of 
the lining surface. If a single force is 
applied to the shoe and the drum is 
rotated, the lining begins to wear. As 
the lining material wears away, the 
pressure near the pivot will diminish 
and the lining will assume a loading 
along the surface farther away from 
the pivot. Simultaneously the shoe will 
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Fig. 1—A typical pivoted centrifugal friction clutch design. Shoes are mounted on a 
V-belt pulley flange. Drum is mounted on driven member. 
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Fig. 2—A diagram showing the radial components of the lining velocity vectors as the 
shove moves around the pivot during the wearing process. 


turn about the pivot in the direction of 
the drum to equalize the forces. As 
wear continues, a point is reached 
where the lining pressure is approxi- 
mately uniform. The pressure would 
then be constant if further wear could 
be stopped. Since linings do wear, 
pressure around the circumference of 
the shoe will vary. 

The rubbing velocities for all points 
on the working surface of the lining 
can be assumed to be identical if in- 
finitesimal circumferential movements 
resulting from wear are disregarded. 
Since new lining surrace has to be sup- 
plied as fast as it wears away, points 
of maximum pressure will correspond 
to those of maximum wear. Thus, the 
pressure at any point is a function of 
the rate at which the lining is used up 
at that point. 


PRESSURE DISTRIBUTION ON THE LIN- 
ING. Referring to Fig. 2, the pressure 
is proportional to wear or to the radial 


component of the lining velocity vector 

drawn from the shoe pivot to any 

point on the lining. This vector of 

course has an infinitesimal value com- 

pared with the rubbing velocity. 

Let 

= radius of shoe, in. j 

= distance from shoe center to pivor. 
in. 
displacement angle from pivot line . 
deg i 
distance from pivot to a point on 
lining, in. ; i i 
angle between pivot line and radius 
to point, deg A ai 

= pressure at any point on lining, ps! 

= radial velocity vector component 
in. per sec a 

K = constant of proportionality 


From the preceding analysis, p 's 
proportional to v. From Fig. 2, v I$ 
proportional to / sin a. 

Since 


r 


P 
v 


l sina = asin 9 
p= Kasinð 
Since a/r is constant, 
p = Ker sin 0 
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Fig. 3—The relative pressure on the lining is the ordinate from the 
diametral line that passes through the pivot center point. 


Fig. S—A pressure diagram for a partial lining. The maximum 
pressure occurs at the point nearest @ equal to 90 degrees. 


Therefore the relative pressure, as 
shown in Fig. 3, is the ordinate from 
the diametrical line that passes through 
the pivot. If p, and pz are pressures at 
any two points 

fi = Ki sin 0; 

tr = Ke sin 02 

If the material is assumed to be 
consistent, then 

K; i Kı, 

and 
a sin A; 
pr Pa Sin 02 ` 
If P2 is taken as pm, the maximum 
working pressure on a continuous arc 
of lining, then 


p= - pm sin 0 (1) 


sin Om 


In Eq (1), p is the pressure at any 
point and Am is the angle to the point 
of maximum pressure. 

Referring to Figs. 4 and 5, it can be 


seen that if the lining is continuous, 
with @, less than 90 deg and @, equal 
to or greater than 90 deg; then 6, is 
90 deg and p equals p,, sin @. If @ is 
less than 90 deg, Om equals ð> and the 
pressure Py at Oo is 
Pm Sin Oz 

Pz E sin bz K Pm 

When 6, is greater than 90 deg, 
then m equals @,, and the maximum 
pressure occurs at the end nearer 6 
equals 90 deg. If the lining is discon- 
tinuous, the same pressure relations 
hold, but the determination of pressure 
and friction moments about the shoe 


pivot requires separate integration. 


AVERAGE PRESSURE. Over any contin- 
uous arc of the lining circumference 
the average pressure pay is: 


Pm 1 G 
Se ae odo 
aa AN fi ; 


Pm (cos 6; — cos 42) 
SIN Om 0. — A; 


Pav = 


(2) 


Pee = 
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Fig. 4—A pressure diagram for a full half lining. The maximum 
pressure occurs at the point where @ equals 90 degrees. 


Fig. 6—Forces acting on the lining to produce the pressure moment 
and the energizing moment as the lining engages the drum. 


PRESSURE MOMENT. From Fig. 6, let 


Mp = pressure moment about pivot, in. 


b = lining width, in. 


dM, = — pe- 


M, = 2262. int ode 
” sin Ôm 0; 


_ Pm (abr) 
ms 4 sin Om 6) 


[2 (92 — 0) — sin 2 6 + sin 2@,] 
DRUM TORQUE. Let 
Mg = drum torque per shoe, in.-lb. 
u = lining coefficient of friction 


X sin 0 (brd 0) (a sin @) 


diia pnt x brd Our 


N Om 


6s 
My = Ge fee ZO 
SIn Ôm @ 
1 
(bur?) (cos 6; — cos 62) 
(4) 
If lining extends over entire surface 


Ma Pm 


Sin Ôm 
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of a semi-circular shoe, then 6, equals 
0 deg, 62 equals 180 deg and 6,, equals 
90 deg then 


Ma 2 Pm 0O ur“ 4a 


ENERGIZING MOMENT. Let M, equal 
energizing moment about pivot, in-lb. 


A 


dMe = ——— sin 9 (bur) (r — acos 0) d0 
Sin Om 
M. = CR r (cos 6; — cos bz 
sin 
= sin? 6; — sin? 0, | 
Net REeEsistING MomMENt. If M, is 


the net resisting moment then 
Ma = Mpt M. (€ 


The plus sign is used if the relative 
motion of drum and shoe tends to re- 
lease the shoe. This means that the 
applied moment about the shoe pivot 
must be increased by the value of M, 
over the pressure moment M, to obtain 
drum torque Ma. 


CENTRIFUGAL MOMENT. The centrif- 
ugal moment is equal to and opposes 
the resisting moment. In Fig. 7, r} and 
ro are the principal radii of a pivoted 
mass of width 6 in. and density of ô 
lb per in. The mass is rotating at an 
angular velocity of œ rad. per sec. The 
mass of the lining is not included in 
this analysis but may be considered 
when necessary. The letter g is the 
acceleration of gravity. If dF is the 
amount of cent trifugal force on any ele- 
ment of mass at radius r then, neglect- 
ing pivot friction, the centrifugal 


Fig. 7—Forces acting on the mass of the shoe required to determine the centrifugal moment. 
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moment about the pivot, d Me, equals 


a sin 8 dF and 


Me ae f Jf sin B dr dB 


ab bu* a 
Mm Sen gpm oF 


> 2 
56 g 
-~ 5 


(cos By =æ» COS Be) 
(7) 


PROCEDURE IN APPLYING FORMULAS. 
Eq (4) can be used as a starting point. 
Values for required torque per shoe; 
lining width, friction coefficient and 
radius may be used to determine the 
location of the lining. A simple method 
is to assume the lining location and 
solve for the radius or width of lining, 
since @,, can be determined by inspec- 
tion as the point of maximum lining 
pressure, see Figs. 3 and 5. The value 
for Pm is another required value. The 
required centrifugal moment M. can 
be expressed in terms of known values 


by writing M, in terms of M, and M, 
From Eq (6) 
M. = Mp M. 
Me = Ma — 
y2 (i 6. — 0;) — sin 20: } sin 20, 
( 4 y (cos 0; — cos O 
i (sin? 6; — sin? b) 7 o 
~ 2 (cos 0; — cos Qh) a J ; 


The plus signs are used when rotation 
diminishes the moment and the minus 
sign with opposite rotation. The value 
of M, from Eq (8) is substituted in 
Eq (7) to determine the unknown 
quantity. In this solution the many fac- 




























Propuci 





tors used may require some selected 
values as a start. The result given by 
each formula applies to one shoe. The 
number of shoes must therefore be 
considered in the first step. 

For an electric motor driven clutch, 
the torque input must be kept as high 
as possible without exceeding the pull- 
out torque. Here the shoe should run 
so that the friction moment tends to 
reduce the centrifugal moment on it. 
The location and extent of the lining 
depend somewhat upon the service ex- 
pected of the clutch. As the material 
thickness is limited to rather small size, 
a relatively long length of lining is 
necessary where duty is heavy. Conse- 
quently much of the material will be 
operating below its capacity. This is 
unavoidable and results in termination 
of running life before complete wear 
on all of the lining has taken place 
Where duty is light the lining may 
be short and placed where most effec- 
tive. 

The lining may be placed near to 
the pivot to gain mechanical advantage, 
but it should be remembered that pm 
is to be the same for all locations and 
that wear is most consistent in the 
vicinity of @ equals 90 deg as shown 
later. Eq (4) should be checked; as 
sume 6, and determine 6. in degrees. 

Note from Eq (4) that when every- 
thing else is constant, available torque 
varies as the square of the drum radius. 

The distance a is usually made as 
large as is practicably possible, so that 

‘r is approximately 0.75 to 0.90. The 
clion of a variation in a/r has negligi- 
ble significance unless carried to an ex: 
treme lower limit. Thus, for the absurd 
case where a equals 0, Eq (8) becomes 
indeterminate, while Eq (3) correct ly 
causes M, to vanish. However, Eq (5) 
gives a finite value for the energizing 
moment and this may be viewed as 
being caused by a tight lining, which 
is wedged into place. This would give 
a value for M, since in such a case pm 
would be finite. The clutch would be: 
come a spring loaded device with the 
centrifugal feature vanishing ent tirely. 


EXAMPLE. The following values are 
given for designing a centrifugal fric 


tion clutch. 


No. Shoes = 2 
p 20.3 
r L.7 734 In, 
b = 15/16 in. 


ô = 0 41 lb per in? 
Ma = 15 in-lb per shoe 


8, = 20 deg 

Ba = 62 

w = 116.2 rad. per sec 
Pm = 40 psi 

Om = 0, = 133 deg 


1.406 in. 


With reference to the equations de- 
veloped previously, one should first 
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Fig. 8—Close-up view of a worn lining 
showing crescent shaped wear pattern. 


first solve for 6, by substituting values 


in Eq (4). 


Wa sin 6, 
cos Qz cos 0 
cos 0z 0.6820 — 
15 X 0.7314 
40 X .9375 X 0.55 X 3 00 
cos Ay — 0.9602 
h = 163, 8 deg 


Next substitute in Eq (8) and solve 
for Me, using the plus sign to indicate 
non-energization. 


a 








Me M 
({2 (@ — 0) — sin 20: + sin*290 
í 4 u (cos 0i — cos O 
sin? 6, — sin? 6 r ) 
2 cos 6, — cos 0» 1 ) 


Me 0 8105 > 4 15 p 4 








§i2_x x 0.537 + 0.5358 — 0.9 
? 4X 0.35 X 0.2783 
0.5355 —O ).07 e 

— <02 ey 2344 


M 44] in-lb 
From Equation (7) 
36g M.e 


3 > 
erm — -r § COR Bi 


aù ðw“ 


P 


4 a v 
y Ie ~ (aor "AEE 
0.41 X ia ) 


ry 0.775 in 
This clutch in actual performance de- 
ivered a torque of 29 in-lb using r, ß: 
25/32 in. and a cast iron drum. 


LIFE OF LINING. The horsepower 
hours service is approximately propor- 
tonal to the material available for 
wear. Therefore the running lifetime 
of a lining can be predicted when a 
value for horsepower hours service per 
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Fig. 9—A diagram that 


clutch lining. 






cubic inch of material has been deter- 
mined. In Figs. 8 and 9, the material 
available for wear is the crescent 
shaped section or portion thereof with 
a thickness of lining ¢ at @ equals 90 
deg. At that point of the shoe all of 
the original thickness is considered to 
be expended. If the lining does not in- 
clude this point and the centrifugal 
mass includes the point, the limiting 
value ¢ is still used because clutch life 
terminates when any portion of the 
metal of the shoe contacts the drum. 
If Bs is less than 90 deg, there will be 
more material available for wear than 
the formulas indicate, because the lin- 
ing can wear to zero thickness at the 
end nearer @ equals 90 degrees. 

The amount of material available 
for wear can be computed for any 
angular incremeent in terms of ¢. Rivet 
holes in the lining are disregarded. 
The two circular arcs bounding the 
area have the same radius r in. neglect- 
ing drum wear. The relation between 
them is simplified as follows: 


p=r 
p=r + isinð 
These simplifications avoid compli- 


cated final expressions. This results in 
an inexact expression for the area. 
However, the error is vanishingly 
small. These relations indicate that the 
circles intersect at 0 deg and 180 deg, 
which is obviously incorrect. These 
limits may be used since the intersec- 
tions are flat and will cancel the small 
error when final simplification is made. 
Referring again to Fig. 6, the area A, 
the square inches of lining available 
for wear, can be expressed as follows: 


A» r+tsin é 
pa 6d p 
J 4; /f 
A> 
fag fao 
J 4; 


2 rt sin 0 + £ sin?ð 





is used to develop equations for the approximate life of the 
A crescent shaped wear pattern is assumed. 





0  sin?ð Oe 
a =|- rteos 0+5(5 - 4 ) |r 


If ð> equals w/. and 6, equals zero, 
the value of A for a quarter-lining is: 


á t anih f 
A=rt+ t 


or 


A= efi += (+)] 10 


Neglecting the second term in the 
bracket, Eq (10) reduces to 


A = 
For a complete half lining 


A = 2rt = Dt, where D = 2r 


For any length of lining Eq (9) can 
be simplified to: 


A = rt (cos"0, —' cos 0z 11 


When ż/r ` ts, the error resulting 
from using Eq (11) is less than 24 
percent. A 60 deg lining, which ex- 
tends from @» of 120 deg to @, of 60 
deg gives an area rt. This value is the 
same as a lining extending from 0 deg 
to 90 degrees. 

When using Eq (11) to determine 
the life of the clutch lining surfaces, 
the following procedure is used. First 
a value of the transmitted horsepower 
hours service per cubic inch of lining 
material is determined by tests. Next 
the volume of lining material available 
for wear is found by multiplying the 

value of A from Eq (11) by the 
width and number of shoes. Multiply- 
ing the first value by the second gives 
the approximate life of the clutch. 
The specific value for horsepower 
hours service per cubic inch of mate 
rial can also be used as a starting point 
in designing a centrifugal clutch for a 
specified life of operation. 


Gear Trains for Multiple Speeds 


Design procedure in calculating single step ratios in gear trains for obtaining a range 
of final speeds. Progression ratios, gear train subdivisions and aggregate number of 


teeth are discussed. 





LOUIS DODGE 


IN MACHINERY, gear trains having 
sliding gears are widely used to ob- 
tain a range of final speeds from a 
constant speed input shaft. Yet many 
designers have given slight attention 
to the fundamental principles upon 
which calculations for efficient gear 
trains are based. The designer usually 
approaches such calculations in a hap- 
hazard way. Different combinations 
of pitch and gear diameter are con- 
sidered and calculated. Then these are 
changed to suit practical center dis- 
tances and gear sizes. Finally, he 
adopts one combination that seems to 
meet the specified requirements. Quite 
often the , naraman cannot be sure that 
the scheme he adopts is the best one 
to use for his design. 

The designer’s objective should be 
a mechanically sound and economical 
gear train. One that combines a geo- 
metric progression series of final speed 
variations with the highest possible 
mechanical efficiency and the smallest 
space requirements. The attainment of 
such an objective is facilitated by pay- 
ing proper attention to several design 
considerations: 

1. To prevent interference when 


Smallest 
sliding 
gear, 


Wath of aear 


tra år 


Fig. 1—Gear train in which smallest slid- 


ing gear moves past a fixed end gear. 
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shifting gears, the difference between 
pitch diameters of adjacent gears on 
the same shaft, or in a sliding cluster, 
should be the amount required for at 
least four teeth. 

When a gear train having very small 
ratios is to be designed, the require- 
ment of a pitch diameter difference of 
4 teeth results in a high aggregate 
number of teeth. This unfavorable 
condition can be improved by arrang- 
ing the gears so that the smallest slid- 
ing gear moves past a fixed end gear, 
Fig. 1. By this method the pitch di- 
ameter difference equivalent to 4 teeth 
can be reduced to 2 and the aggregate 
number of teeth be kept to a minimum. 
The overall width of the gear train, 
of course, will be increased by an 
amount equal to twice the width of 
one gear. 

2. The axial length of a gear train 
is shortest when the gear cluster is 
made the sliding member. 

3. For satisfactory construction and 
operation, a cluster of sliding gears 
should consist of not more than three 
gears. 

4. To avoid undercut and to be as- 
sured of unimpaired engagement of 
mating gears, do not choose less than 
20 teeth for the smallest gear in the 
train. 

5. Use, if possible, the same dia- 
metral pitch throughout the gear train, 
and compensate for differences in tooth 
loads by increasing the width of the 
gears where necessary. 

6. The aggregate number of teeth 
(of the same pitch), or the sum of the 
pitch diameters, of all mating gears on 
the driven and the driving shafts must 
be the same. 

7. The aggregate number of teeth 
of two mating gears having a ratio of 
a/b should be divisible by 


a+b 


8. The most favorable aggregate 
numbers of teeth are those that have 
2 and 3 for common factors. 

9. To avoid synchronous vibrations, 
deviate slightly from even ratios. 

10. Check permissible pitch line 





Graphical methods are described for making a preliminary 
analysis of the proper relations, proportions and sequence of the single step ratios. 





velocity of spur gears. Do not exceed 
a pitch line velocity of 2,000 ft per 
min for commercially cut metallic 
gears. For further data see ‘Dynamic 
Loads on Gear Teeth” and “Manual 
of Gear Design” by Earle Buckingham. 


The prerequisite to the achievement 
of a proper speed variation is the ap- 
plication of a suitable progression series 
to the contemplated gear train. 

In a geometric progression series, 
successive terms are obtained by multi- 
plying the preceding term by a con- 
stant &, called the progression ratio. 
Expressing the first term as unity, the 
sequence in a geometric progression 
series of terms is 


be RV OPH cosceesss yet 


In this series, all terms but the first 
are multiples of &. It is obvious that 
the ratio of the mth term to the first 
term is 


kn=1)/1 = kmi 


This series has a unique quality in 
that the product of any two terms is 
equal to another term in the same 
series, 

In gear train design, the adoption of 
a standard progression ratio as the 
basis for selecting a speed ratio series 
for mating gears has many advan- 
tages. Such a procedure facilitates the 
solution of problems dealing with the 
speed changes, simplification of design, 
transmission of energy, utilization of 
material and cost of manufacture. 

Of the many progression ratios put 
forward, the Androuin progression 
ratio, 


104/10 = 1.2592 1.26 


possesses many advantages as the basis 
for gear train calculations. The An- 
drouin ratio is a single step or single 
ratio in the decimal series known as 
the Decimal Geometric Progression 
(D.G.P.). 

For practical design purposes, the 
single-step ratios given in Table | will 
be found useful. 


The German Industrial Standard 
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Fig. 2—Number of steps required in a gression series tain 

i given total ratio with a selected single step ratio. See Table I for single step 

peed range comprises the ratios of A nomograph of Eq (3), shown in 
Fig. 2, employing the sets of values 


1.06, 1.12, 1.26, 1.41, 1.58, 2.00 


The D.G.P. has also provided the basis 
for the standardization of revolutions 
adopted in 1932 by most European 
countries during Milano Convention 


In a gear train in which 

Ni = rpm of input shaft 

Ne = rpm of output shaft 

n = number of speeds in train | 
n— 1 = number of speed steps in train 


Pi Th ..fn-1 = single ratio of individual 
pairs of mating gears 

ne total ratio R, of the gear train is 

X product of the several single ratios, 


at 1S 


IÈ n (1 


“hen the single ratios of individual 
‘urs are all of one value r throughout 
€ train, that is, when 


=rir P, 13, = Pa f 1 r 
‘tn Eq (1) becomes 


R= torr = mt VER, 


N 


„Oorr 
(n — 1) log r (3 


ODUCT 
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for r given in Table I, affords a quick 
and easy method of obtaining the num- 
ber of steps required for a given total 
ratio R; and a selected single ratio r. 
For example: Assume that a total ratio 
1 to 25 is demanded and the single ra- 
tio 1 to 1.58 is selected; by tracing to 
the left from the point of intersection 
of the ordinate 25 with the single ratio- 
line 1.58, the number of steps required 
is found to be 7. When the point of 
intersection falls between two steps (as 
seen on ratio-line 1.41), then the next 
higher or lower number of steps must 
be selected, and corresponding adjust- 
ments made either in the number of 
revolutions or in the single ratio se- 
lected. In similar manner, the total 
ratio R; can be found when the num- 
ber of speeds » and the single step 
ratio r are given. 


SUBDIVISION OF GEAR TRAINS 

While this method of quickly ascer- 
taining the possible total ratio and 
number of steps is generally helpful. 
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Table I—Single Step Ratios 
Based on Powers of \ 10 


iv 10 =106="Wv 2 
Vv 10 =1.12 =*v 2 
wy 10 1. 2¢ V 2 
‘Vv 10 1 41 wou 
wy 10 1.58 V2 
yv 10 2.00 s4 2 
ov 10 k-94 Iw 2 
V 10 3.17 =W 2? 
ATO = 4.00 Vv 2 
Vv 10 504 =3v 2 
ov 108 6 35 vy 2 


— 


Table Il—Practical Subdivisions of 
Gear Trains 


Approx 
Total Speeds Number of 

of Gear Train, Practical Gears 
n Subdivision in Train 

2 1X2 t 

3 1x3 6 

4 EM 5 

( 2x3 10 

$ LATA? 12 

3X3 12 

12 LARNI 14 

16 2X2X2xXx2 1 

18 AING lé 

24 LXII I8 

27 3Y 3x 3 18 

2 EXaXEXA 20 

é 2X2 3x3 20) 





in practice several limiting considera- 
tions reduce the number and range of 
total steps to a few. One limiting con- 
sideration is the restricted number of 
gears a cluster of sliding gears may 
contain, when an efficient gear train 
is the objective. The most useful num- 
bers of gears is 2 and 3, and rarely 4. 
If the gear train is to be economical, 
the total of speeds is limited to the 
product of the number of pairs of mat- 
ing gears in each speed change sub- 
division. In Table II are given the 
practical number of pairs of mating 
gears per speed change subdivision for 
gear trains of several total speeds. 
Significant equations are formed by 
setting the total number of speeds, as 
given in Table II, equal to the product 
of the factors as given in the second 
column. For example, in the equation 
22 X21X3 
the right side of the equation is to be 
interpreted thus: The number of factors 
greater than one equals the number of 
subdivisions of the gear train, and the 
numerical value of each factor equals 
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DOOM 


Fig. 3—Three subdivisions of 2, 2 and 3 


pairs of mating gears gives final speeds 











Fig. 4 
letters designate shafts 








Graphs of steps showing relation of single speed step ratios in a train 
Final speeds are the same. 









Capital 





(A) Closed form. (B) Open form. 
















the number of speeds of the respective 
subdivision. As shown in Fig. 3, the 
sequence of factors from left to right 
indicates the sequence of steps from 
the input to the output shafts. 





GRAPH OF STEPS 


The preliminary analysis of a con 
templated gear train will be facilitated 
by the delineation of the single steps 
in their proper relationship and pro- 
portions. This is accomplished by a 
Graph of Steps (ascribed to R. Ger- 
mar), Fig. 4, obtained by drawing as 
many horizontal lines, separated by 
equal distances, as there are final single 
speeds; and as many vertical lines, 
separated by equal distances, as there 
are shafts in the gear train. The shaft 
or vertical lines are designated by capi 
| letters. The single steps between 
shafts are indicated by a beam or ray; 
subdivisions of a step are indicated by 
parallel beams. 

The steps shown in the open form 
of graph, Fig. 4 (B) will result in the 
same final speeds as that of the closed 
form of graph Fig 4(A). These are 
the only forms possible, since the par- 
allelism of the lines a, b, and c must be 
maintained. Which of the two graphs 
will lead to the best gear train? As a 
rule it is the closed graph, in contrast 
to the open form, that results in a more 
emcient gear train. 


t 
ta 


GRAPH OF REVOLUTIONS 


The graph of steps, which clarifies 
the relationship of the single steps, 
obviously is not sufhcient to appraise 
the characteristics of a specific gear 
train. To determine the soundness of 
a gear train the Graph of Revolutions 
(also ascribed to R. Germar), Fig. 5, 
is a helpful device. The construction 
of this graph is similar to that of the 
graph of steps insofar as the ratio-lines 
and shaft-lines are concerned. But the 
single steps are drawn in to show not 
only their proper relationship but also 
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their correct magnitude, thus giving the 
correct value of the revolutions of each 
shaft of the gear train. From a graph 
of revolutions, a complete picture of 
the gear train can be envisaged that 
gives a clear and comprehensive view 
of speeds and ratios. This scheme 
permits a preliminary appraisal of the 
soundness of the gear train before ex- 
tensive designing is commenced. In 
addition, the graph can be extended to 
include a tabulation of pertinent infor- 
mation such as: Torque at each shaft, 
pitch line velocity, and tooth load. 

The method of finding the smallest 
aggregate number of teeth T for a 
given ratio and a pitch diameter dif- 
ference equivalent to four teeth can 
best be shown by an example. The fol- 
lowing procedure is generally ascribed 
to J. Androuin and can be employed in 
most designs with good results. 

Assume that the gear train requires 
the two ratios 
1.41 


rı l 
and that 
} and f t f 

then where 


it 
number of teeth in single gear 


T aggregate number of teeth in mating 
pairs 
l ; f t l 
and 
Le A F4 2 
then solving the two simultaneous 
equations 
12 
Z 20 teeth 
Q 59 
2 l tl = 2S teeth 
tr — 4 lé teeth 
4 32 teeth 
then 
T 
20 + 28 16 + 32 D 


As will be noted ż equals 16 teeth, 
which is less than the recommended 
minimum number of teeth of 20. A 
corresponding larger number of aggre- 
gate teeth, which would correct this 
deficiency, can be obtained by making 


Propuc! 


ts equal 20 or more teeth, that is an 

increase of 25 percent or more, and in- 

creasing f;, fo, ty and T in the same 

proportion. By making ¢, equal 20, 

an increase of 25 percent, there results, 
T = 25+ 35 = 20 + 40 = 60 teertl 

for which the single ratios are 











25/35 = 5/7 = 1 1.40 

2 20 40 1/2 

The resulting single ratio r, is slightly 

greater than that stated as required. 
This method of calculating smallest 

aggregate number of teeth is not ap- 

plicable when the divergency between 

ratio r, and 7, approac hes zero 


n = /h * 
To ls l4 











COMPUTATION OF GEAR TRAINS 






An example will serve to show how 
to apply these rules to the design of a 
gear train. 








EXAMPLE: The gear train shown in 
Fig. 6 has an input speed of 1,750 rpm. 
The input speed is to be reduced to 
695 rpm, by a pair of gears having a 
ratio of 2.52. Number of final speeds 
n required is 9. Highest final speed 
V; is to be 695 rpm, and lowest final 
speed N, is to be 110 rpm 

































Arrangement of sliding 
train to obtain nine final output speeds. 


Fig. 6 
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Pitch 
line vel., 
ft per min 








P Fig. Graph of revolutions gives a clear and comprehensive view of magnitude of ratios 
= nd revolutions. Graph is extended to tabulate other data needed in design of gears 
ds The total ratio Ry, therefore, is the gears from step to step. Also no 
l in- Rr = N,/ Ni = 695/110 = 6.32 energy consuming acceleration of gears 
sa Number of speed steps is and shafts has been employed. In 
20, eres sliding type gears when the single ra- 
aii In the nomograph, Fig. 2, for 8 [0s differ greatly in magnitude, a ratio 
teps and a total ratio of 6.3, a single Of acceleration might be acceptable 
atio r of 1.26 is given. Using this when available space is limited. This 
value of r, an adjusted value of Rp is COmpromise will probably result in a 
btained thus train having a less favorable energy 
ohth Re = m- = 1.268 = 6.352 transmission. Ne i i 
Sd. E then N; is adjusted thus Employing Androuin s method for 
en Va = 695/6.35 = 109 rpm the first subdivision: 
t ap- From Table II, the subdivision ae 
ween 3 3 9 l l 
s selected for a gear train of 9 final me ia 
NS speeds L 
A graph of steps, Fig. 7(A), is then l 
| how iawn, from which the graph of revo- i i 
| OF 2 Bf lutions, Fig. 7(B), is obtained. g { | 
The graph of revolutions, Fig. 7(B), ‘| i 
vn in ff ndicates that an economical energy — k 7 
) rpm.  “ansmission has been attained. The d mon ad 
ed to i st subdivision, which lies between © i 
ing a $ hafts B and C, covers a narrow speed } ay? < S aa us 
hte thas toe die x te these equations there results 
pes eee À ; rss - 28 th, and $4 teeth 
speed f rques transmitted is relatively small ) a th e ; Bh seat 
final § 80 that there is no great difference in S aF rt 


the torsional deflection of shaft C or 





ed ns. Graph of 
1948 $ Pron 
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T 28 +- 44 32 + 40 = 72 teetl 


s for gear train given in Example. (A) Graph of steps showing relation of single speed step ratios in the trait 


revolutions indicates that energy is transmitted economically from shaft to 
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The range of usefulness of Androu- 
in’s method is confined to ratios the 
magnitude of which differ at least by 
15 percent and that are not in prox- 
imity of a 1/1 ratio. It is always 
advisable, therefore, to check the find- 
ings of one method with that of an- 
other, and thus be assured that the 
number of teeth obtained is the most 
economical. 

Another procedure by which a fa- 
vorable aggregate number of teeth can 
be found is Schlesinger’s method. By 
this method the first subdivision is ob- 
tained by expressing each ratio in num- 
bers such that the numerical sum of 
the numerator and the denominator is 
factorable by multiples of 2 and 3 
A favorable aggregate number of teeth 
is a multiple of the product of the 
factors included in the largest sum 
Thus when 


1 1 
m E 1 5s 


= m and l t l 2 


4 
Tbes = = —,and 4 


number of 


the 


A favorable aggregate 


teeth for the mating gears in first 


subdivision would be 


and + X IS 


IX 54, 


This checks with the 
tained by Androuin’s method. 
With 36 teeth in gear /,,, and gear 
», the center distance between shafts 
B and C is 36 teeth. To avoid inter- 
, and 


results as ob 


ference, therefore, between gear t, 


shaft C, gear f} should have fewer 
than 72 teeth. The required ratio 


f 


equals 2.52, can be obtained by 





(B) Graph 
shaft 
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using 63 teeth in gear ¢,, and 25 teeth 
in gear f,,, the input gear. 

For the second subdivision the ratios 
are: 


Tedi 


then for trial values 
tai tesi Di taz 
and ta, — 4 2 
or 
tes = 6 teeth, and tq, 
tes = 10 teeth, and tas 
Ta = 6 + 24 = 10 + 20 
f ta = 15 teeth 
Retaining the rule not to use a gear 
with less than 20 teeth and also to 
avoid possible interference between 
shaft B and gear ¢,; that are at a cen- 
ter distance of 36 teeth, gear t., should 
have 20 or more teeth and gear /,; 
should have not more than 60 teeth. 
Hence 100 is selected for T, and the 
teeth in each gear are adjusted by mul- 


24 teeth 
20 teeth 
30 teeth 


tiplying each trial value by 100/30. 
The results will then be 

tes = 20 teeth, and ta = 80 teeth 

tes = 33 teeth, and tg3 = 67 teeth 

T2 = 20 + 80 = 33 +- 67 = 100 teeth 

tes = tae = 50 teeth 

The final speeds given in Table III 
will be obtained by using the foregoing 
values for numbers of teeth in the re- 
spective gears. The speeds are sub- 
stantially in agreement with the desired 
speed ratios and deviate only slightly 
from the desired decimal geometric 
progression of the successive speeds. 


Table IHI—fFinal Speeds and Desired 
Speeds 
Desire d 


Pro- 
gression, 


Desired 
Pro- 
gression, 


rpm 


Final 
Speeds, 
rpm 


Final 
Speeds, 
rpm 


695 
556 
442 
343 
274 
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Plastics Used in Fire Control Radar Antenna 


LIKE A GIANT PIN-CUSHION, this U. S. 
Navy fire control radar antenna con- 
tains an array of polystyrene rods that 
provided much needed rapid scan- 
ning qualities. Radio beams of early 
models had large angular coverage 
and could not separate distant objects 
rapidly or accurately. 

The antenna developed by Bell Tele- 
phone Laboratories is a horizontal 
array of 14 identical fixed elements, 


each a vertical array of three tapered 
polystyrene rods. When inserted into 
the open end of a wave guide, these 
rods radiate energy from points 
distributed continuously along their 
length. The rod radiates along its 
length because of its taper and because 
of discontinuity produced between the 
plastic and surrounding air. 

Phase control is established by 13 
rotary phase changers in the distribut- 
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ing system. Each phase changer ro- 
tates continuously and produces a 
beam that sweeps repeatedly linearly 
across the sector to be scanned. 
Radiation pattern of the rods has a 
shape characteristic of end fire arrays 
and can be fitted in well with the array 
factor for rapid scanning. That this 
antenna was effective can be proved by 
scores of Japanese hulls, victims of 
uncanny accuracy of fire control. 


Bell Telephone Laboratoris 
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Industrial Applications of Infrared 





JAMES DOYLE HALL, Advisory Engi- 
neer, Lamp Division, Westinghouse 
Electric Corporation. 201 pages, 64 x 
91/6 in. Published by McGraw-Hill 
Book Co., Inc., 330 W. 42nd St., Neu 
York 18, N. Y. $3.50. 


A compilation of information on 
infrared heat applied to industrial 
problems. Theory is included, along 
with data from many installations. 
Both incandescent lamps and radiant- 
heat lamps are discussed as sources of 
infrared radiation. Chapter V covers 
the planning and designing of an in- 
frared installation. Special problems 
such as heating three-dimensional 
objects, radiation of materials having 
high infrared reflectivity and the heat 
processing of highly explosive volatiles 
are included in Chapter VI. Drying 
of surface finishes, textiles, processing 
of ceramics, and the manufacture of 
plastics and paper are discussed in 
Chapter VII. The last chapter covers 
therapeutic, photographic, plant pro- 
tection and insect extermination uses. 
The book is written for the engineer 
who wishes to investigate infrared for 
his particular problem. 






























An Introduction to Metallurgy 






JOSEPH NEWTON, Professor of Metal- 
lurgy, University of Idaho. Second 
Edition. 645 pages, 6} x 94 in. Pub- 
lished by John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16, N.Y. 
$5.50. 


Presents an introduction to the field 
of metallurgy as a foundation upon 
which the student can build advanced 
and specialized studies. Two divisions, 
“Adaptive Metallurgy” and “Extrac- 
tive Metallurgy,” comprise the text. 
Each chapter has examples of typical 
calculations, a list of exercises, and a 
short reading list. 





















College Technical Physics 


ROBERT L., WEBER, MARSH W. WHITE, 
KENNETH V. MANNING, all of Penn- 
sylvania State College. First edition 
761 pages, 9 x 6 in. Published by the 
McGraw-Hill Book Co. Inc., 330 W. 
42nd St., New York 18, N. Y. $4.50. 


A well-organized book that covers 
the basic ideas of physics for students 
of science and engineering at the col- 
lege level. It is distinctly a first year 
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course, but the authors have been 
careful to include the widest range of 
physics. Heat transfer and acoustics, 
for example, are more thoroughly cov- 
ered than is usual in an elementary 
text. The usefulness of the book is 
increased by the appendix, which gives 
advice to the student on the solution 
of physical problems, the determina- 
tion of significant figures in calcula- 
tion, and fundamentals of trigo- 
nometry. Drawings of Nobel prize 
winners appear as chapter headpieces. 


The Blueprint Language 


HENRY C. SPENCER, Professor Tech- 
nical Drawing, Illinois Institute of 
Technology; HIRAM E. GRANT, Asso- 
ciate Professor Engineering Drawing, 
Washington University. 255 pages, 
94x 114 in. Published by the Macmil- 
lan Co., 60 Fifth Ave., New York. $5. 


The authors have endeavored to 
provide a thoroughly practical book 
to give untrained men and women a 
fundamental training in blueprint read- 
ing. This requires visualization of 
views of the object, and also work- 
sheets are provided after each chapter 
to give the students training in apply- 
ing the text information. Chapter 
topics include industrial prints, views 
of dae normal surfaces, inclined 
and oblique surfaces and edges, cyl- 
indrical surfaces and edges, sectional 
views, auxiliary views, screw threads, 
dimensioning practice and shop proc- 
esses. A useful chapter tells how to 
read micrometer, calipers and high 
gages. Another interesting chapter dis- 
cusses gears, so that the untrained per- 
son could acquire a respectable ac- 
quaintance with gear dimensions. 


Theory and Application of 
Radio-Frequency Heating 


GEORGE H. BROWN and CYRIL N. HOY- 
LER, research engineers of RCA Labo- 
ratories and RUDOLPH A. BIERWIRTH, 
chief engineer, Sound Incorporated. 
370 pages. 64 x 94 in. Published by 
D. Van Nostrand Co. Inc., 250 Fourth 
Ave., New York, N. Y. $6.50. 


Volume is aimed at industrial engi- 
neers who may wish to use radio-fre- 
quency for heating. The 24 chapters 
include discussions of current flow and 
distribution in variety of conductors 
and sheets, efficiency of heating coils, 
heat flow relationships, annealing non- 
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ferrous metals, case hardening of steel, 
radio frequency heating of poor elec- 
trical conductors, wood gluing, r-f sew- 
ing machine, dehydration and treat- 
ment of food. 

More than 260 illustrations are 
used. Where mathematical derivations 
are made throughout the text, graph- 
ical displays are used to convey the 
conclusions that were reached by 
analytical means. The principles are 
illustrated by experimental data and 
often by a description of a complete 
laboratory experiment Some of these 
experiments resulted in the design and 
installation of industrial equipment. 
Many others are awaiting future ex- 
ploitation, while a number of the ex- 
periments were solely for the estab- 
lishment of certain principles and the 
accumulation of knowledge for help- 
ing solve problems yet unpropounded. 


An Introduction to 
Engineering Plastics 


D. WARBURTON BROWN and WILBUR 
T. HARRIS. 274 pages, 64 x 94 in. 
Published by Murray Hill Books, Inc., 
232 Madison Ave., New York 16, 
N. Y. $4. 


This is a presentation of plastics that 
have found commercial acceptance. 
Included are chapters on the engineer- 
ing properties, chemical resistance 
and applications of plastics. Tech- 
niques in handling plastics are covered. 
Plastics materials, their tradenames and 
manufacturers are listed. 


Tungsten, A. C. S. Monograph 
No. 94 


K. C. LI, Chief Engineer, and CHUNG 
YU WANG, Director of Research, both 
of the National Reconditioning Com- 
pany, Inc., New York. Second Edi- 
tion, revised and enlarged. 430 pages, 
64 x 93 in. Published by Reinhold 
Publishing Corp., 330 W. 42nd St., 
New York 18, N. Y. $8.50. 


This American Chemical Society 
Monograph is an exhaustive study 
designed to bring together all the 
knowledge on tungsten. It is so pre- 
sented as to be intelligible to workers 
in many fields, and it is a digest of 
progress to date. It serves to point out 
the direction for subsequent investiga- 
tions. Included are geology, ore dress- 
ing, metallurgy, chemistry, analysis, 
and many industrial applications. 
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TECHNICAL NEWS HIGHLIGHTS 


STRATOSPHERI 


100 teet. Low temperature o1 
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Private industry cooperates with 





AN INTEGRATED RESEARCH POLICY, 
government support as its key 
is being developed in Great Brit 
un. Within limits of available man 
power and fac ilities, no 
single field of fundamental or applied 


with 


stone 


overcrow ded 


research is being overlooked. Funda 
mental research, long a concern of 
British government, has been actively 


ipported since the first world war 
Although emphasis is now placed 
on fundamental applied re 
search and development will take posi 
importance. The 
all research and the 
can best their 
needs by first rebuilding in the famil 
feld of fundamental research 
This emphasis on basic research has 
ed to a system of research priorities 
For military top priority has 
yroyects for app lication 
hence. Paradoxically, 
nore immediate projects are being 
sued with less urgency 


research, 
tions oft increasing 
disrupted 
they 


watr 


— feel serve 


needs, 
Deen given to 


years 


Civilian research projects are almost 
There is an intet 
committee 


essary to best 


te 
CC ILON 


Priorities 
lepartmental government 
exercises control ne 


resources 


[YPES OF PRO JECTS 


money outlay, 


ation 
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TEST CHAMBER in the 


altitude 


Research in Britain Sponsored by Government 


gov ernment to 


under limitations of austerity economy and manpower shortage. 


10,000 cu ft, 


on full-scale 


world, 215 tons, 


tests can be made 





further basic research 


research get the largest support. ae 
est strategic importance is attached t 
this research. 

Outstanding among the planned 
government units already approved 
are a model basin for studying hy 
draulics, comparab le to the work at 
the U. S. Navy’s David Taylor Model 
Basin: and a Mechanical Engineering 
Research Station. The latter is a 
recently — project for funda 
mental work in mechanical engineer 
ing and will "ee finally located in Scot 
land to conform with plans for de 
centralization of industry and research. 

Within four or five years, a com 
pletely new National Gas Turbine Es 
kabani will be constructed. As 
with all research planning, this build 
ing program will depend on availabil- 
ity of materials and construction 
workers. 


Scotland will also furnish the sites 


for three new sub-stations in build- 
ing research, road research and fuel 
research 

The latter project, increasing effi- 


ciency of fuel sammast, is vital to 
the British economy. England, long 
able to export coal, is now faced with 

serious shortage of fuel. Domestic 
heating plants appear to offer great- 
est room for improvement and are 
most However, in 


receiving effort. 


will be capable of 
airplane fuselages 
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Vickers-Armstrongs Lté, 
reproducing conditions at any 





dustrial power plants, such as loco- 
motives, stationary plants and proc- 
essing equipment, will also be vitally 


affected by this research. 


PRIVATE RESEARCH 


Private industry has many plans for 
enlarging research facilities and sev- 
eral companies have already con pleted 
initial phases of their programs As 
would appear natural, two note worthy 
examples are in the air raft field 
Vickers-Armstrongs has 
sleted construction of a 40,000 cu 
chamber for flight 
the largest of its kind 


just com- 
altitude research, 
belies ed to he 


Another aircraft firm, the De Havil- 
land Aircraft Company, has | in 
service another type of altitude cham 
ber, which can simulate a wide range 


of service conditions. 

Capable of holding 
of a transport fuselage, or a complete 
fighter fuselage, the De Havilland a 
titude test chamber has simulated alti 
tudes of 80.000 ft in its 12 ft , 2 
ft long working space. Since cond! 
tions of pressure, temperature, rate 
climb and humidity can be duplicated 
the chamber will aid in design of hig! 
iltitude planes to 
of passenger 
strength 

The main chamber ts evacuated 


large section 


meet req Si 
) If 
comtort anc 
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sev- 
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As 
orthy 
field 
com- 
cu ft 
arch, 
kind 
Javil- 
ut in 
ham- 
range 


a 2,000 cfm capacity, double-acting, 
single cylinder vacuum pump driven 
by an electric motor. When refrigera- 
tion 1s necessary, a system using 
methylated spirit sprayed over crushed 
blocks of dry ice is used. Inside air 
can be heated to -+40 C with a steam 
heater to duplicate tropical conditions. 

A smaller chamber in the De Havil- 
land set-up, suitable for tests on air- 
craft fuel systems and small auxiliary 
equipment, is connected to the main 
chamber vacuum pump and can be 
evacuated to the same altitudes as the 
main chamber. Refrigeration is not 
needed for this chamber but provision 
is included for future installation. 

Test runs on fuselages are handled 
by a team of twenty men—stress plot- 
ters, structural test engineers, strain 
gage technicians—under control of 
the test engineer. As pressure differ- 
ential is increased pound by pound, 
it is stabilized by the controller and 
the physical condition of the fuselage 
skin is double checked. 

If part of the structure begins to 
give way through local weakness, loss 
of cabin pressure is immediately noted 
and pressure differential is reduced. 
The second check is made by patch- 
type strain gages connected to a cine 
regarding oscilloscope. If strain does 
not increase uniformly, pressure dif- 
ferential can be reduced and point of 
local weakness will be noted. 

Final safeguard against sudden fail- 
ure is provided by a microphone that 
picks up any sound of breaking struc- 
ture and warns the controller in time 
to prevent complete collapse. 

Differential pressure tests with the 
De Havilland chamber. will provide 
structural design information; temper- 
ature and humidity tests will provide 
information to insure passenger com- 
tort and crew efficiency. 

Companies that expanded research 
apacities just prior to the 
gain in need of more space 
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ment or postponement of copin ex- 
enditures, details of which are still 
eng worked out, make private in- 
ustry plans indefinite at this time. 

Fully as important as plans for new 
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fained personnel. Great Britain has 
5,000 men trained for scientific 
work, not all actively engaged in re- 
earch. and will try to increase this 
number to 99,000, as recommended 
y a special government committee 
19 

Of the 44,000 men needed to com- 
y with the total figure recommended 























y the ommittee, private industrial 
alishments require 2,500. Most 
lely in demand are chemists, nearly 
); trical, aeronautical, automo 
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tive and other engineers, over 500; 
and about 275 physicists. 

In efforts to obtain this number of 
researchers, grants to universities will 
be increased and fellowships will be 
made more attractive. But British 
universities are as crowded as Ameri- 
can schools and efforts to increase en- 
rollment also depend on building 
material shortages. Added teaching 
burden on professors reduces their 
available research time and thus re- 
duces present results. 

Still another problem is arising to 
effect university enrollment; universal 
military training. While science stu- 
dents can elect to defer their year of 
military training until they have fin- 
ished their schooling, short-term ef- 
fects will just about counterbalance 
increased enrollment. 

Upon successfully demonstrating 
their future usefulness to the re- 
search program, young graduates can 


be “reserved” from training by a board 
of selectors. In many cases the man 


has not progressed far enough in his 
profession to demonstrate his 
before he 


ability 
is again subject to call. He 

lost to research for at least the year 
of his service, and possibly forever it 





British Official Potoghraph 


TOP BRITISH Ionosphere Researcher, 


Sir Edward 


Prize-winner, 


Appleton, 1947 Nobel 
holds the senior British 


Government post conc erned with phys- 


ical science, Secretary of the Depart- 
ment of Scientific and Industrial Re- 
search. He is the discoverer of the 


Drea layer”, and his detection 

the ionosphere by reflection of radio 

waves led to important developments 
in radio and military radar. 


his interests have been changed. 

British industry is currently spend- 
ing 30 million pounds ($120,000,- 
000) per year on scientific research. 
Industry, in general, plans further ex- 
pansion of research facilities during 
the next two years. Culmination of 
plans depends on increased building 
material production and training of 
technical personnel to staff the ex- 
panded laboratories. 

These private industry plans are 
over and above substantial expendi- 
tures for industrial research made by 
the government. Of 70 million 
pounds expended by the government 
for all research and development dur- 
ing the past year, 4.5 million were for 
industrial research and 60 million for 
defense research. 

Figures for private industry expendi- 
tures were compiled by the Federation 
of British Industries (counterpart of 
the American NAM) from reports 
obtained from 420 firms that each 
spend more than 1,000 pounds per 
year on research. It is estimated that 
companies in this group carry out 75 


percent of all industrial research in 
Britain. 
Three out of five reporting firms 


plan to expand their activities during 
the next two years, and two of these 
three have in mind additional research 
buildings amounting to more than 
2,500,000 sq feet. These plans, 
though approved by the companies, 
re yet to be reviewed by the gov- 
ernment, in accordance with the pres- 
ent restrictions on capital expenditures. 


RESEARCH CONTROL 


In Britain, the government acts 
both as sponsor and conductor of al- 
most all fundamental research. For 
much applied research, in early stages, 
it also as sponsor, auditor and 
interested customer. Details cf direc- 


acts 


tion, execution and application are 
largely left in non-governmental 
hands. 


British research organization, under 
a separate government department 
has recently been rev amped, to emerge 
with “a new research charter”. Di- 
rection, both of research policy and 
administration, has practically re- 
turned to civilian control. These 
changes are said to have included 
many recommendations similar to 
those offered to President Truman 
by the Steelman Committee (see 
PRODUCT ENGINEERING, October 1947 
page 151). 

Civilians are in the majorit 
newly-established Advisory 
tee on Scientific Policy 


y on the 
Commit 
and tney could 


potentially control policy decisions 
made by the administrator. Because 
of the link that exists with the post- 





15] 


(Above). 
altitudes to 
plate, % in. 


High-altitude 
70,000 ft and temperatures of 
thick, forms 14 ft. dia., 35 ft. 


test chamber can simulate conditions at 
70 C. Welded steel 
long cylindrical shell. 


Near end of chamber is removbale for insertion of large airplane 


section. 


(Upper right) Control panel with loudspeaker for carry- 
ing speech from observers working inside chamber. 


Controller's 


microphone is mounted on a swinging arm so he can station him- 


self before any group of instruments. 


ps 


(Lower 


diameter 


right). 
“Ulbricht” 
cal Laboratory (similar to the I 


Strain gage 
chamber through inlet at left of control pa 


Largest integrating sphere photometer, this 
type instrument is in use 


cables enter 


10 ft 


at the National Physi- 
J. S. National Bureau of Standards). 


Built of wooden segments, the instrument measures total light of a 


source suspended at the center. 


tions and 


Light rays are emitted in all direc- 
ire reflected from white interior wall of sphere so that 


light emerging from a small aperture is proportional to total light 


of source 
ing from a standard source. 
Research Policy Commit 
Henry Tizard, (a 
in aeronautical chairman, 
ind Sir Edward Appleton, secretary of 
the Department of Scientific and In 
lustrial members of both 
coordination be 
civil research is 


Defense 
tec Sil 


Wal 
speci ilist 


sciences ), 


Research, 
fuller 
military and 
expected 

Each government department ap 
points a chief scientific who is 
required to bring be fore the appropri- 
ate advisory committee all projects he 
contemplates. He is expected to see 
that findings of all research establish 
ments are fully applied in his de- 
partment 


ommiuttees, 


tween 


officer 


Dominance of non-government peo- 
ple in British research has already 
been responsible for the clarified pol- 
icy that all university research ee 


for the military services be released 


This light is measured by comparison with that emerg- 
8 


from security and made available for 
publication. 

British trade associations 
sponsors of cooperative research, ap 
plied and fundamental. This activity 
is encouraged by the government and 
tax-relief is granted to expenditures 
and contributions for research pur- 
poses. 

Until recently, there has been no 
demand in England for a private-in 
dustry sponsored cooperative research 
institute similar to the Battelle Me- 
morial Institute in the United States. 
Any firm with money to spend on such 
projects would normally undertake it 
within its own laboratories, if it 
wanted to retain the exclusive use of 
the findings. However, the Fulmer 
Institute was established during the 
past summer, for just such work. 
Sponsored initially by a group of 


are strong 
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De Haviland Aircraft Co. 


i Rritish OF 
Aen - metal - proc ducts manufactu 
Institute’s first work will be d 
for them, but 
be available 
tries 


research faciliti 


eventually to all 
There is only one large ate 
dowed foundation sponsor 

search, the Nuffield caian. estab- 
lished by the head of Britain's large 
motor car manufacturing firn 
works almost entirely 
to universities. 

The British government has not 
given its scientists the task of solving 
the country’s drastic economic plight 
It is fully realized that the immedia te 
need of the country is to apply, 4 
quickly as possible, the knowlé ige ıt 
already possesses. The poe 
has set itself the task of stimulating 
all parts of the British economy to 
make that application. 


through gra 
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Washington Notes 


President Announces Plan for 
Federal Research Coordination 


Recent announcement of an Inter- 
departmental Committee for Scien- 
tific Research follows a recommenda- 
tion contained in the report of the 
President’s Scientific Research Board 
(see PRODUCT ENGINEERING, Octo- 
ber, 1947, page 151) headed by John 
R. Steelman. According to the Steel- 
man report, the purpose of the in- 
terdepartmental committee is to set 
general policies; prevent overlapping 
of projects between government de- 
partments, whenever possible; and 
maintain a “sensible” balance between 
different fields of research. 

The Committee, which will be 
purely a study and advisory group, 
will be made up of representatives 
from the following agencies: Agri- 
culture, Commerce, Interior, Army, 
Navy, Air, Federal Security Agency, 
Atomic Energy Commission, National 
Advisory Committee for Aeronau- 
tics, Veterans Administration and the 
Smithsonian Institute. A member of 
the former Steelman committee prob- 
ably will be appointed for scientific 
liaison with the White House 

Indications are that the committee 
will work along lines outlined in the 
Steelman report. It will study ways 
to maintain a balance between various 
government research programs and 
note where there are. apparent gaps 
However, it will not actually allocate 
projects among the various agencies 
engaged in scientific research. 

One of the suggestions contained 
in the Steelman report was that the 
Interdepartmental Committee under- 
take immediately a full analysis of the 
telative advantages of contracts and 
grants as a means of supporting re- 
search, with recommendations for uni- 
form legislation. 

President Truman’s statement, in 

connection with establishment of the 
Committee, revealed that "there is no 
central group equipped to advise on 
the relationships among the numerous 
and complex Federal scientific activi- 
ties, or to take leadership in the solu- 
tion of administrative problems com- 
mon to different agencies.” 
_ According to the President’s execu- 
tive order, the chairman of the Com- 
mittee will be designated by the Pres- 
ident. Specifically, the duties of the 
Committee will be to: 

1. Recommend steps to make the 
tesearch and development programs of 
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the Federal Government most effective 
in promotion of national welfare. 

2. Study or propose studies and 
recommend changes in administrative 
policies and procedures, including per- 
onnel policies, designed to increase 
the efficiency of the Federal research 
and development program. 

3. Study and report on current 
policies and Federal administrative 
practices relating to Federal support 
for research, such as grants and con- 
tracts for basic research. 

i. Obtain the advice of persons not 
employed by the Federal Government 
with respect to matters of concern to 
the Committee. 

5. Encourage collaboration among 
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Federal agencies engaged in related 
scientific research and development. 

6. Propose means by which infor- 
mation relating to the status and re- 
sults of scientific research and de- 
velopment undertaken or supported by 
Federal agencies can be most effectively 
disseminated. 

Reactions from scientists have not 
been forthcoming; they are waiting 
to learn the personnel makeup of the 
Committee before expressing initial 
opinions. 

Industry, however, seems to have 
taken to the idea of an interdepart- 
mental committee. The National As- 
sociation of Manufacturers has ex- 
pressed the desire to assist the Pres- 


Ram-Jet Helicopter Completes Test Flights 


FIRST ROTARY-WING AIRCRAFT 
ever to employ a ram-jet power plant, 
the U. S. Air Force’s McDonnell heli- 
copter has successfully completed six 
months of flight testing. 

Developed after almost 2 years of re- 
search, the ram-jet helicopter is actually 
a three-dimensional aerial motorcycle. 
It consists of an all-metal, two-blade 
rotor, 18 ft in diameter, with a 10 Ib 
ram-jet power unit at each tip, a small 
rudder, and an open steel tube struc- 
ture supporting the pilot, fuel tanks 
and controls. The present configura- 
tion is merely a flying test stand in- 
tended to prove the basic idea, and no 
aircraft designation has been given the 
plane. 

Although it weighs only 310 Ib, it 
has lifted a useful load of 300 Ib and 
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has attained a forward speed of 50 
mph. Since power is applied directly 
to the blade tips, heavy engine parts, 
gear systems, and transmissions are 
unnecessary. 

The ram-jet power unit is simple in 
design, resembling a stove-pipe. Whirl- 
ing rotor blades ram air into the duct, 
where it is burned by a fuel mixture 
injected through the blades. Since the 
ram-jets function only above 600 fps, 
an auxiliary starter is required. 

Fuel for the power plant has been 
propane, although gasoline burning 
ram-jets are under investigation. Two 
tanks attached to the lower fuselage 
supply fuel. After initial fuel pressure 
is built up, centrifugal force provides 
the necessary pumping action for keep- 
ing the system in operation. 










Tunnels | and 2 







Reactivators 








SUPERSONIC AERODYNAMICS WILL Bi 
tunnels now under construction at the 
tory, White Oak, Maryland. 
famous Kochel wind tunnels found by 
many, the 
and guided missiles. 
superior to tunnels in other countries; 
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was greatly aided by the tunnels. 














its economy of operation. An ingenious 

















tunnel of comparable size. 
atmospheric pressure. 




















ident’s committee as much as possible. 
According to Howard E. Blood, 
chairman of NAM’s Patents and Re- 
search Committee, the NAM is “‘espe- 
cially interested in noting 
committee is to study and recommend 
changes in administrative policies and 
procedures, as well as ad 

relating to 













































































practices federal support 
for research, such as grants and con- 
tracts for basic research. 

The NAM’s Committee on Pat- 
ents and Research also has studied in- 
tensively aspects of the Federal re- 
search program relating to research 
contracts between the Federal Govern- 
ment and private contractors.” 




















































































































Army and Navy Research 











Programs Set for Two Years 
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duction is planned Army and Navy 
rograms, some of which are being 
proje ted well into 1950 

l'hroughout the Army program, de- 
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STUDIED in this set of wind 
Naval Ordnance Labora- 
Essentially a reconstruction of the 
American troops in Ger- 
tunnels will be useful in the design of bombs, 
These tunnels have been considered 
the development of the 
V-2, involving measurements of supersonic speeds up to Mach 


One of the most striking features of the Kochel tunnel design is 
method of 
operation makes it possible to operate the tunnels with remark- 
able efficiency, at a fraction of the power required for a continuous 
The tunnels are operated at less than 
Air is dried by passing through 
absorbent material before entering the test section, 


that the 


ministrative 


Sphere 


Test section 
rockets 


as far 


intermittent minutes. 
example, 


bed of at 
and discharges 


50 cycles. 





signs leading to air portability are 
stressed, going beyond those items 
which would be used by an airborne 
unit. The requirements of air port- 
ability are compactness, lightness, and 
“sim le handling characteristics.” The 
her: increasing mobility of ground 
forces makes these properties desir- 
able in all military equipment. 

The advent of global warfare has 
forced still another burden on the de- 
signers: To design standard equip- 
ment adaptable to varying conditions 
over the world’s surface. 

Increased use of electric power, con- 
trol, and instrumentation, has accel- 
erated research in the electric and 
electronic fields, to meet the stiff 
quirements of space, weight, durability 
and dependability. The demand is 
high also for more perfect and less 
bulky insulation, new prime movers 
for generators, new electronic voltage, 


frequency, and current controls, new 
light weight transformers and more 
complete, more accurate, and more 


control mechanisms. 
research will include the 


adaptable fire 


Electronic 


Offices and 
control rooms 
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from the test section into an evacuated sphere through a discharge 
line containing the two essential elements of the intermittent system 
A second throat, and a quick operating valve. 

conditions are 
temperatures and pressures ; 
tion is therefore lower than in air under atmospheric conditions 
The velocity of the air relative to sound velocity in the test sec- 
tion is constant and depends only on the relative size of throat 
and end section of the nozzle. 
Mach numbers is a simple operation requiring not more 


characterized by extremely low 
the velocity of sound in the test sec- 


A change of nozzles for different 
than five 


Some modification of the Kochel tunnels is being made. For 
the large motors are being converted to run on 4,000 
volts at 60 cycles, while in Germany they operated on 6,000 volts 
Instrumentation includes 


a Navy-developed optical 


interferometer and an excellent Schlieren system. 


propagation of all frequencies, in- 
cluding those little known at present, 
through extra-terrestrial space; sim- 
plification of circuits through the use 
of a minimum number of parts, each 
having a maximum number of func- 
tions; development of radiating sys- 
tems, including perfection of the lens 
type directional antenna: development 
of simple receivers to cover the en- 
tire usable frequency range; 
means of countering the effects ot! 
jamming, and more adequate methods 
of transmission interception. 

Infra-red projects include: Develop- 
ment of thermal locating 
capable of detecting and charting the 
bearings of surface vessels, the con- 
version of electro-magnetic energy to 
vibrations, and improvement of 
the intensity of and 
luminous materials, 
phosphors. 


simple 


systems 


sonic 
persistens e of 


wail 
and infra-red 


ı definite need for more 
bikeneuned weapons in light and 
medium tanks. 


There is 


The requiren nents of 


artillery pieces suited to airborne op- 
longer life, light- 


erations call for 
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ness, and greater utility. Studies are 
under way on gun steels to reduce the 
strategic alloys required and to im- 
prove ductility and toughness. Im- 
proved one Ib, 60 and 400 cycle syn- 
chro units are being developed to 
replace the 5 and 10 lb units used in 
synchro data transmission between 
adajacent gun batteries. Structural 
members made of aluminum and mag- 
nesium alloys have been developed; 
increased longevity of recoil mech- 
anisms is a research goal. The de- 
velopment of fully automatic cannon 
now includes sizes up to 105 mm, 
and work is being done to apply power 
operated loading mechanisms to tanks. 
In aircraft armament, the trend is to- 
ward higher muzzle velocities, higher 
cyclic rates, and better fire control. 

Efforts are being made to improve 
design of military cameras both for 
ground and aerial work. Design is 
being carried out on a 70 mm still com- 
bat camera, two different types of pre- 
cision mapping cameras, special high 
speed strip cameras with moving film, 
70 mm attack cameras for recording 
low altitude aircraft attacks, 16 mm 
and 35 mm recording cameras for 
radar scopes, and stereo strip cameras 
for low-altitude reconnaisance. 

Track-landing gear for aircraft is 
slated for further testing on various 
types of planes, under varying condi- 
tions. Skiis will be tested on a cargo 
plane weighing 50,000 to 75,000 lb. 
Booster type brake assemblies will be 
tried out on Boeing B-29 and Fair- 
child C-82 airplanes. Attempts to in- 
crease the load capacities of aircraft 
tires without increasing their size have 
initiated plans to try nylon tires with 
extra plies and wire tires. New high 
speed wings cannot take to present 
thick standard aircraft tire; new sizes 
of large diameter will be developed, 
this cross section is an effort to over- 
come complex fuselage retraction sys- 
tems. Attempts will be made to en- 
close more of the brake in the aircraft 
whec l. 

Wi here high speeds will be encoun- 
tered, the effect of high temperatures 
and the avy loads for long periods will 
play a leading role in design. The 
supersonic wind tunnel at the Naval 
Ordnance Laboratory, White Oak, 
Md (see accompanying illustration) 
is nearing completion and will be 
capable of producing Mach numbers 
up to 4.8 for testing models of both 
ircraft parts and guided missiles. 

Naval research in ceramics covers 
inorganic non-metallii includ 
ing refractories, electric insulating cera 
mics and minerals, glass abrasives 


ae nis bah 
concrete and clay 


solids. 


vitreous enamels, 
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products, and piezo-electric crystals. 

Titanium metal is under intensive 
scrutiny and it has been claimed that 
it has a tensile strength of 100,000 
psi, half the density of iron, and high 
corrosive resistance. 

Research under Office of Naval Re- 
search contracts has been started on 
non-linear direction finding devices, 
and electromagnetic radiation of radio 
frequencies from celestial bodies. 
Super-conductivity and ferro magne- 
tism at microwave frequencies is under 
close observation. The generation of 
ultrasonics is now as high as 1,000 
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megacycles per second, which is espe- 
cially applicable to target indicator 
problems and storage requirements in 
digital computers. 

While the Army's program entails 
much pure research, the major portion 
of its effort is devoted to applying new 
processes and —— to the prac- 
tical aspects of modern warfare. On 
the other hand, while the Navy is de- 
voting considerable time to the applied 
problems particular to naval opera- 
tions, its efforts are being devoted 
more to pure research, leaving applica- 
tions up to other agencies. 


Ultimate Length Standard Chosen 
As Mercury 198 Radiation Wavelength 


A NEW STANDARD OF LENGTH exists 
in the wavelength of green radiation 
of mercury 198, an isotope trans- 
muted from gold by neutron bombard- 
ment. In precision, reproducibility and 
convenience the new standard is supe- 
rior to both the standard meter and 
the red line of cadmium, according 
to recent investigations by Dr. Wil- 
liam F. Meggers of the National Bu- 
reau of Standards. Preliminary meas- 
urements have shown an accuracy of 
one part in a hundred million of 
relative values and one part in a bil- 
lion is theoretically possible. 

Since 1889 the world’s standard of 
length has been the ‘meter’ distance 
between two lines on a platinum- 
iridium bar. Fundamental measure- 
ments throughout all of science and 


LIGHT SOURCE 


IN USING MERCI Rì ISOTOPI 
train of optical instruments tor observing intert 
mation $ source Cul ted I i iens, Which 
Waves between intert planes are 
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industry are based on this standard, 
but it has several disadvantages. First, 
line standards are unsuitable in cer- 
tain fields of measurement. Second, 
the intrinsic nature of lines ruled on 
surfaces—such lines are in effect small 
furrows—limits the precision attain- 
able. Third, the meter is not readily 
reproducible. 

Because the standard meter does 
not afford sufficient precision in some 
fields, the red line of cadmium has 
been used for precise measurements. 
However, the cadmium standard also 
has serious disadvantages. First, there 
is a fine structure in the red radiation 
that prevents the line from being as 
sharp as desirable and limits the pre 
cision possible. Second, the cadmium 
standard requires excitation in a fur- 


INTERFEROMETER 





National Bureau of Standards 


R ADIATION to standardize units of length, a 


erence patterns is used. Setup consists of a 
illuminates a Fabry-Perot interferometer 
ind, without counting, from an ppi 
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nace, which entails unwanted broaden- 
ing of the spectral line because of 
relatively high temperature. 

The green line of mercury 198 has 
none of the disadvantages of either 
the meter or the red line of cadmium. 
The normal human eye is far more 
sensitive to green than to red; this 
is an important consideration, as the 
interferometer, with which lengths are 
measured and compared, is visually 
adjusted. All other characteristics 
desirable in a light wave standard 
ability to be reproduced, absolute 
sharpness of wavelength, intensity of 
spectral line, life and convenience 
of maintenance—are possessed to a 
greater extent by this mercury isotope. 


Plastic Edge Improves 
Aircraft Control Surfaces 


GREATER IMPACT STRENGTH has been 
given the thin trailing edge of metal 
ailerons and elevators of DC-6 trans- 
ports by substituting a glass cloth lami- 
nate for the aluminum alloy previously 
used, according to the Douglas Air- 
craft Company. The plastic-impreg- 
nated edge was developed by Douglas 
structural engineers to avoid minor 
damage caused by impact with ladders 
and stands used by maintenance and 


C A L N 


service crews during engine overhaul. 

Not only does the new material tend 
to resist damage, but it lends itself to 
quicker repair. It consists of three 
plies of glass cloth impregnated with 
a fire-resistant polyester resin. Formed 
on steel dies, it is hardened under a 
heat process requiring 20 minutes. It 
is 0.030 in. thick. 


ASME Honors C. E. Lucke 
For Professional Division Idea 


THE IDEA of organizing an engineer- 
ing society into units, or professional 
divisions, of the parent group, was 
originated 40 years ago by Charles 
Edward Lucke, now professor emer- 
itus of mechanical engineering at 
Columbia University. His plan of 
“societies within a society” forms the 
framework of The American Society 
of Mechanical Engineers, which has 
grown to 24,000 members in 19 pro- 
fessional divisions, each group work- 
ing in a special branch of engineering. 

Because of his achievement, the 
ASME, during its recent annual meet- 
ing in Atlantic City paid Dr. Lucke 
a special tribute. At a meeting of 
the Council, he was presented with 
a scroll by the ASME Oil and Gas 
Power Division. 
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Arc Welding Design Awards 


AWARD WINNERS in the arc welding 
Design-For-Progress Program have 
been announced by trustees of the 
James F. Lincoln Arc Welding 
Foundation. The first main award 
was divided among Paul F. Hacke- 
thal, Clarence C. Mast and Douglas 
W. Hamilton, all of the Koppers Co., 
Aeromatic Propeller Dept., for their 
paper on the design of a welded, 
variable pitch propeller hub for light 
planes. 

The second main award went to 
Kiser E. Dumbauld, Bureau of 
Bridges of the Ohio State Highway 
Dept., for his paper on the redesign 
to welded construction of three Ohio 
bridges. 

The third main award was re- 
ceived by G. J. Storatz, Heil Co., for 
a paper on the redesign to welded 
construction of a large piece of earth- 
moving machinery made by his com- 
pany. 

Savings to industry of two billion 
dollars are represented by arc weld- 
ing designs illustrated in these, and 
the other 464 award papers, accord- 
ing to the secretary of the Founda- 
tion. Complete list of award winners is 
available from the James F. Lincoln 
Arc Welding Foundation, Cleveland. 


American Weldment Manufacturers Association Organized 


TO STANDARDIZE DESIGN AND MANU 
FACTURING PROCEDURE of weldments 
to be used as machine components 
the American Weldment Manufac- 
turers Association, an organization of 
contract welding shop operators, was 
organized recently. A year of ground- 
work culminated in a two-day or- 
ganization meeting, at which policies 
were set and officers elected. 
Variation in cost and quality gave 
the original impetus to this organiza- 
tion. Without definite standards to 
guide them, welding shops often sub- 
mit bids against one another with 
wide variance in price. This makes 
t appear that at least one bidder does 
not know what he is doing or how 
much it actually costs to do a job of 
welded fabrication. However, the 
wide difference between the two prices 
may reflect the different manner in 
which the two organizations operate. 
The high price may include such ex- 
tras as stress relieving, X-ray inspec- 
tion, sand bl lasting and painting, while 
the low bid is merely for necessary 


labor and materials for fabrication. 
Proper engineering for welded de- 


156 


sign is important to the success of a 
weldment, and the new organization 
will place emphasis on engineering 
services rendered by member com- 


FIRST PRESIDENT of the 
ized American Weldment 
Association—K. W. Ode, 


newly-organ- 
Manufacturers 
Falk Corporation. 


Propuct 


panies. AWMA membership con- 
stitutes a seal of acceptance by the 
rest of the welding industry and 
should be a guide to potential pur- 
chasers of weldments. 

The association will attempt to 
achieve the following objectives: 

1. Stimulate the growth and im- 
provement of the weldment manu- 
facturing industry from both the 
engineering and commercial stand- 


posnts, 


Collect and disseminate to mem- 
bers statistics and information of 
value on such matters as capacities, 
facilities, improved processes, and 
personnel relations. 

3. Promote the establishment and 
improvement of standardized weld- 
ment designs, specifications, manu: 
facturing procedures and applications. 

4. Promote among its members a 

irit of voluntary cooperation for 
the improved production and in- 
creased application of machinery 
weldments; conduct technical, busi- 
ness and market research; and main- 
tain a high standard of gana 

Membership is not limited as to 
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the number of men from one com- 
pany who may join. Each company, 
however, is limited to one vote. There 
are, according to the constitution, 
three classes of members: Company, 
Associate and Academic. 

Company membership embraces 
contract welding shops engaged in 
the manufacture for sale of weldments 
which are to be used as component 
arts of machinery. Associate mem- 
feahip will include persons or com- 
panies associated with the manufac- 
ture of welding equipment or tools 
of persons or companies associated 
only with the manufacture of weld- 
ments as component parts of other 
products and not for sale. Academic 
membership is confined to individuals 
engaged in the teaching of welding 
and associated with accredited insti- 
tutions of learning. The Associate 
and Academic membership classifica- 
tions are not eligible to vote or hold 
administrative offices. 

Officers elected at the organization 
meeting were: 


K. F. Ode, Falk Corp., Milwau- 
kee, Wis., president; W. C. Simpson, 
Lukenweld, Inc., Coatesville, Pa., 


vice-president; Hugh Hodges, Graver 
Tank and Manufacturing Co., Inc., 
East Chicago, Ind., secretary; A. S 
Fredrickson, Lakeside Bridge and 
Steel Co., Milwaukee, treasurer. In 
addition to these officers, the associa 
tion’s board of directors includes: 
Walter G. Koch, International 
Steel Corp., Evansville, Ind.; Louis 
T. Kenney, United Welding Co., 
Middletown, O.: Charles Stewart, 
A. C. Wood Co.. Rockford, Ill.: Syl 
vester V. Williams, Struther Wells, 
Titusville, Pa. 


Atomic Energy Commission 
Industrial Advisory Group 


TO SPEED UP INDUSTRIAL OPPORTUNI- 
TIES in the atomic energy field, the 
United States Atomic Energy Commis- 
son has announced the formation of 
a Board of Consultants to include in- 
dustrial leaders in a number of busi- 
ness fields. James W. Parker, Pres- 
ident and General Manager of the 
Detroit Edison Company is to be 
Chairman of the new group of con- 
sultants, 


Among other industrial leaders in- 
vited to assist the Commission in ac- 
celerating business opportunities, in- 
duding power, are: O. E. Buckley, 
President, Bell Telephone Laboratories, 


New York, N. Y.: Donald Carpenter, 


Vice President, Remington Arms Com- 
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DIFFERENTIAL ANALYZER recently installed at the University of California at Los 
Angeles receives complicated mathematical problem from members of the engineering staff. 
The machine, built and first to be commercially installed by the General Electric Company, 
will be used in the Institute of Numerical Analysis at the University, established to pro- 


vide high-speed computing service and to « 


Institute of Numerical Analysis 


NEWEST UNIT of the National Bureau 
of Standards—the Institute of Numer- 
ical Analysis—is to be established at 
the University of California at Los 
Angeles, according to an announce- 
ment by Dr. Edward U. Condon, 
Director of the Bureau. 

One of the high-speed electronic 
omputing machines now under devel- 
opment by the Bureau of Standards 
will be installed at the Institute when 
completed. computers will 
solve problems in minutes that now 
take days to work out, and will solve 
in days problems that are now out of 


These 


the reach of scientists. Design specifi- 
cations call for high memory capacity 
and automatically sequenced mathe- 
matical operations from start to finish 


pany, Bridgeport, Conn.; Dr. Gustav 
Egloff, Director of Research, Universal 
Oil Company, Chicago, IIl.; Paul 
Foote, Exec. Vice-President, Gulf Re- 
search and Development Company, 
Pittsburgh, Penna.; Robert G. Wilson, 
Chairman of the Board, Standard Oil 
Company of Indiana, Chicago, IIll.; 
and Col. Walker Cisler, Chief Engi 
neer of Power Plant, the Detroit Edi- 
son Company, who will serve as Exec. 
Secretary to the consultant group. He 
is presently acting as consultant to the 
Commission. 


Chairman David E. Lilienthal, stated 
that the Consulting Board had two 
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primary research in applied mathematics. 


Established on West Coast 


at speeds attainable only with elec- 
tronic equipment. 

The machines can conceivably revo- 
lutionize the field of applied mathe- 
matics. Of particular importance both 
to the physical sciences and to tech- 
nical industries will be the fact that 
the Institute will be able to set up a 
mathematical counterpart of an actual 
situation, which permits the situa- 
tion then to be studied through rela- 
tively inexpensive calculating rather 
than costly experimentation. Great as 
has been the progress of the past cen- 
tury, the time has come when many 
problems of great importance, espe- 
cially in hydrodynamics, aerodynamıcs, 
and meteorology, can only be handled 
by extremely rapid computers. 


initial purposes: First, to aid the 
Atomic Energy Commission in making 
rapid headway towards the earliest 
possible practical application of atomic 
energy by private business; and sec- 
ond, to place the consultants in a posi- 
tion, within security limitations, to 
keep American industry informed of 
developments in the Commission's 
widespread activities of research and 
development. 

All members of the Consulting 
Board (to which additions will be 
made) will be cleared by the Commis- 


sion for access to secret data neces- 


sary for their deliberations and rec- 


— 
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ommendations. Mr. Lilienthal said 
the industrial leaders would make a 
survey of the Commission's activities 
in the field of power development, in- 
cluding research work at Atomic En- 
ergy Commission's facilities. This in- 
cludes the program for the new Knoll’s 
Atomic Power Laboratory, now under 
construction at Schenectady, New 
York, to be operated for the Commis- 
sion by General Electric, and the power 
studies now going on at Clinton Na- 
tional Laboratory, at Oak Ridge Ten- 
nessee, where more than a score of 
industrial and engineering firms are 
working on atomic power problems. 
The industrial advisory group will 
recommend to the Commission meth- 
ods of expanding and intensifying in- 
dustrial participation in the atomic 
energy project. 


Radio Audience Reaction 
Recorded by Radar-Type Device 


A NEW 
VICE for 


AUDIENCE MEASUREMENT DI 

monitoring radio broadcast 
reaction has resulted from application 
of wartime radar principles. This de- 
Vice size of radio audi- 
and will provide broadcasters 
tape recorded reports 

trends for all listener segments 


will measure 
ences 
with showing 
in big 
cities, small towns and farms, and at 
levels. 
Conceived by Dr. 


mark, 


search and 


all income 
Peter C Gold 
Engineering Re- 
Development, Columbia 
System, the 
will use but one channel in the 
high y range 

A high frequency signal is broad 
cast in all radio sta- 
Throughout the 


Director of 


devic 4 
ultra- 


Broadcasting new 


frequency 


directions from 
tion transmitter 
transmitter cross-section of 
types of radio homes will be equipped 
with a device that automatically 
and continuously back to the 


er while the sets are in op 


area, a 


will 
re port 
transmitt 

ition 

Each report contain the fol 
When the set 
station is tuned, min- 
income level of family, 
radio set 


Mw ill 
information 
what 


lowing 
is in use: 
ute-by-minute : 


ind lox 


As reports 


ation of 
transmitter, 
IS recorded electron- 
cumulatively, minute-by- 

program on each 
each set. A perma- 
is made of program au 
dience size for all stations and income 
which listeners are 


return to 
the information 
ically and 
minute, for each 
station tuned by 
nent record 
groups into 
divided 

The new technique has been named 
“Instantaneous Audience Measure- 


ment Service.” 
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Largest Land Plane Flight Tested 


WORLD'S LARGEST LAND PLANE—the 
XC-99 troop, cargo, and hospital trans 
port built for the Air Force by Con- 
solidated Vultee Aircraft Corporation 

took to the air recently on its first 
test flight. The double-decked air- 
craft has six 3,000-hp  pusher-type 
engines. 

The new transport is a sister ship to 
the B-36, world’s largest bomber. The 
Air Force has ordered 100 of these 
10,000-mile bombers for its strategic 
Wingspan of the two planes ts 
230 feet. The XC 99), how 
1 feet long and 574 high 
20 feet longer and 10 feet higher than 
the B-36 

The 265,000-pound experimental 
XC-99 can haul 400 fully equipped 
troops, or 100,000 pounds ot cargo, or 
300-odd litter patients and their at 
tendants. The Air Force's largest per 


fleet. 
the same 
ever, 1s 182 


sonnel transports during the last war 
carried only 50 soldiers. The new 
global transport has a top speed of 
more than 300 mph and a maximum 
range, with reduced loads, of 8,100 
miles. Service ceiling is 30,000 feet. 

Chief wartime use of the XC-99 
would be rapid transportation of sol- 
diers and material in quantities here- 
tofore considered impossible. It is, 
for example, the only airplane in ex- 
istence that with slight modification 
could haul the largest components of 
a Ground Force division. Volume of 
fuselage is 30,000 cu ft, equal to vol- 
ume of 10 railroad freight cars 

Design the XC-99 as a 
long-range, 204-passenger 
ur-liner were completed 
because of unavailability of 
bine power plants suitable 
mercial Operation 


studies of 
low-fare, 

shelved, 

ras. turf- 


om- 


SAE Annual Meeting Stresses Application 


ADVANTAGEOUS APPLICATION of 
time automotive engineering develop- 
ments was the underlying theme of the 
1948 Society of Automotive Engineers 
meeting and engineering dis- 
play Held last month in the Book 

Cadillac Hotel, Detroit, Mich., a large 
portion of the society’s 15,000 mem 
attended where 50 
technical papers were presented and 


war 


annual 


bers sessions 
discussed. 

Programs included engineering sym 
posiums on problems of diesel engine 
smoking reversing propellers and re 
quirements of modern fuels and lu 
bricants. Discussions and papers put 
emphasis on utilization of modern 
automotive design, materials and pro- 
duction methods. Advancement was so 
rapid during wartime, that principles 
and methods used could not be com- 
pletely investigated. (Conference ses- 
sions saw the interchange of much 
valuable information learned by ex 


perience with these new ideas. 


PRODUCT 


tensile strength steels 
advantages when 
according to 
Lakes Steel 
this will enable 
products from 
Along similar 
Chrysler Corp., 


Low alloy high 
afford economii 


used in 


can 
vehicles, 
C. L. Altenburger, Great 
Corp. Judicious use of 
fabrication of more 
existing steel tonnage. 
lines, W. E. Jominy, 
said that the most expensive and least 
expensive automotive alloy teels can 
be given the same physic al ; roperties 
when properly heat-treated Shonen 
from the standpoint of design, cheap 
alloys cannot always be substituted for 
expensive 
heat-treatment” is not 
ticable. Jominy also indicated that for 
parts s stressed in bending or torsion, 
It 1S good pract ice to specify not less 
than 90 percent martensite in the outer 
layer of any portion in tl as 
quenched” condition. This layer need 
not be deeper than one-quarter ol the 
radius. 

For parts stressed mainly in 


motor 


1 


alloys because “the proper 
always 


tension, 
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such as bolts, 90 percent martensite 
to the center is desired. 

Careful pre-loading of bolts, ac- 
eaten to W. C. Stewart, American 
Institute of Bolt, Nut and Rivet Man- 
ufacturers, is recommended to assure 
satisfactory performance. Pre-loading 
of bolts is also useful in structural ap- 
plications where joints are generally 
loaded in a shearing direction. 

Lacquers and synthetic enamels, 
currently used by the automotive in- 
dustry, are undergoing improvements 
in manufacture, application and 
formance, according to M. G. Bell and 
W. W. Bauer, Pittsburgh Plate Glass 
Co. Attention is now directed to 
avoid corrosion on the underside of 
metal and in isolated locations. 

Refractory porcelains may be used 
as material for turbine blades in turbo- 
jet power plants of the future. Despite 
short development period, reported 
by R. F. Geller, National Bureau of 
Standards, non-creeping porcelains can 
now replace metals at 1,500 F tem- 
peratures. It remains to be seen whether 
porcelain blades can resist thermal and 
mechanical shocks in turbine service, 
but in any event, another high tem- 
perature material is now available. At 
high temperatures, porcelain blades 
with tensile strength of 17,000 psi 
would be the equivalent of metal 
blades with 47,000 psi tensile strength. 
Net efficiency of turbine powerplants 
may be increased by 
tures up to 1,800 F. 
porcelain investigation. 

Motor vehicle replacement was pre 
sented as a problem in economics 
rather than in technology by Prof. Joel 
Dean, Columbia University. As the 
age of a unit advances, 


using tempera 
as suggested by 


maintenance 


cost increases, new models become 
available, and market price of the 
used unit reduces rapidly. These eco- 


should be considered 
before each major overhaul. 
Part-life-expectancy described 
as a basis for preventive maintenance, 
repair, and replacement programs by 
W.J Cumming, the White Motor Co. 
He studied vehicles with 90,000,000 


nomic factors 


Was 


miles of service over a ten year period 
and discovered the frequency of causes 
for vehicle delay. Electrical system 
troubles caused 30 percent of the total, 
engine troubles, 12 percent, and fuel 
system failures, 10 percent. These fig- 
ures indicate how rep slacement of parts 
before they are worn out could save 
time, and also indicates where greatest 
lesign effort is needed. 

_ Efforts of the U. S. Navy, world’s 
largest Owner and operator of diesel 
engines, to increase by four times the 
ue expectancy of its power plants 

were outlined by W. G. Payne and W. 
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NEW PRESIDENT OF SAE—R. J. S. 


Pigott, chief engineer of Shell De- 
velopment Co., was installed at the 
annual meeting of the Society of 
Automotive Engineers. Mr. Pigott 


started his career in the steam power 


field. Since then, he has been active 
in developments of gasoline, diesel 


first 
elected 


and jet propulsion. He is the 
petroleum technologist to be 


SAE president. 


Joachim, U. 
Station. 


S. Naval Engineering 
The principal task was stated 
to be one of reducing wear, in cylinder 
liners, from the present maximum rate 
of 0.005 in. to the average wear rate 
of 0.0008 in. per 1,000 hours of oper- 
ation. Chromium plated cylinder lin- 
ers have shown prolonged operating 
life, and liners are 
Fuel con- 
economy, 
lubricating oil temperature and cool- 
ing water temperature, all in influence 


pa Sraa wear according to these tests. 


some cast iron 


showing satisfactory results 
sumption, lubricating oil 


A Zero Was Lost 
To the Editor 


We er tate 
p u ibli 1 


very much the fine 
given our product by your 
ex dina write up of the Articulated 
Fork Truck in the Product Design 
Section of the December issue. 

We regret that was made 
regarding the truck. 


an error 


capac ity of the 


This should have been 4,000 pounds, 


54 in. long. 
M. W. McMILLAN 
Baker Industrial Truck Div., 
The Baker-Raulang Co. 
Ed.—Zero may be nothing by itself, 
but makes a whale of a difference 
when it gets away from its 
panions. We 


the printer get 


com- 
apologize for letting 


away with a zero. 
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MEETINGS 


February 2-6 

American Society of Heating and 
Ventilating Engineers—International 
Heating and Ventilation Exposition, 
Grand Central Palace, New York. 


March 1-5 

American Society of Mechanical 
Engineers Spring Meeting. St. 
Charles Hotel, New Orleans, La. 


March 3-5 

Society of Automotive Engineers 
— Passenger Car and Production Di- 
vision Meeting. Hotel Book-Cadillac, 
Detroit, Mich. 


March 22-24 

Chicago Technical Societies Coun- 
cil—Chicago Produtcion Show, Hotel 
Stevens, Chicago, Ill. 


March 30-31 
Society of Automotive Engineers 
Transportation Division Meeting. 
Hotel Bellevue-Stratford, Philadelphia. 


April 5-8 

National Association of Corrosion 
Engineers—Annual Conference and 
Exhibition, Jefferson Hotel, St. Louis. 


À pril 5-9 
Southern 
Exposition 
hibition, 
torium, 


Machinery and Metals 
Annual Meeting and Ex- 

Atlanta Municipal Audi- 
Atlanta, Ga. 


April 13—15 
Society of Automotive Engineers 
Aeronautic and Air Transport Di- 


vision Meeting, Hotel New Yorker, 
New York, N. Y. 

April 26—30 

American Management Associa- 


tion Annual Conference and Packaging 
Exposition, Public Auditorium, Cleve- 
land, Ohio. 


May 3-7 
American Foundrymen’s Associa- 
tion Annual Meeting, Philadelphia, Pa. 


May 20-21 
Society of the Plastics Industry— 


Annual Meeting and Exposition. Ho- 
tel Ambassador, Atlantic City, N. J. 


May 20-22 
American 
Engineers 
sion Meeting, 
Louis, Mo. 


Society of Mechanical 
Oil and Gas Power Divi- 
Hotel Jefferson, St. 
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ew Ozalid Streamliners 
Now Available 
For Immediate Delivery 


Now, you can order—and promptly receive—a new, moderately 
priced print-making unit that gives you these 5 new advantages at 







no extra cost: 











1. SPEED. In 25 seconds an Ozalid Streamliner reproduces and a half cents per copy. 


your engineering drawings see anything typed, drawn, 4. VERSATILITY. The lines and images on your original can 
printed or photographed on translucent paper. f 





be reproduced in black, blue, red, sepia, yellow...on paper, 
2. EFFICIENCY. You always get an exact-size positive (not cloth, foil, film, or plastic. 


negative) copy direct from your original ... produced in 2 5. SIMPLICITY. Anyone can be the operator. Place your orig- 
quick steps — Exposure and Dry Development. 








inal on Ozalid paper and feed into the Streamliner; that’s 
3. ECONOMY. An 81%” x 11” print costs you less than one 95% of the job. 









































Tı 
al 
Or 
[Of 
10 
Eq 
Ex] 
S 
H 
H 
} 
} 
F 
§ 
X 
let 
act 
Now an easy desk job. You remain seated, relaxed. All A minute ago—engineering drawings. Now she’s produc- § 4 
controls within easy reach. Prints are delivered on top, com- ing beautiful Ozalid Dryphotos in seconds, in exactly the e 
pletely dry. Another advantage: You can install your Stream- same manner. Note the size: Ozalid prints can be up to 42” ' 
liner in any drafting room or office. Only 6 square feet of wide, any length. You can reproduce advertising posters, 
floor space is required. accounting reports— the work of all departments. 
Expanded Production Facilities Now Permit MAIL COUPON TODAY FOR FREE BOOKLET 
immediate Delivery [OE Ne i 
ee - ee ae canes The following | OZALID Division of General Aniline & Film l 
ist is a typical cross-section of users: | Corporation, Johnson City, New York | 
Armstrong Cork Company Montgomery Ward Co. = J i | ks, 
Bethlehem Steel Corp New York Central Railroad Gentlemen: Piee cond fres, 24-page, illustrated a | Pr 
Bloomingdale Brothers Northern Pacific Railway Co. showing all of Streamliner’s uses and 10 types of Oza n i yea, 
Bulova Watch Company Pan American Airways, Inc. penaa, | A 
Chris Craft Corporation Paramount Pictures, Inc. gosip 
Chrysler Corp Parke, Davis & Co. ae ae 
Columbia Broadcasting System Pittsburgh Plate Glass Co. Position 
Dun & Bradstreet Remington Rand 
E. I. DuPont Scovill Manufacturing Co. Company 
General Electric Co. E. R. Squibb & Son 
General Motors Corp. Standard Oil Co. | Address 
International Harvester Co. Swift & Co. Ee eae eree ee 
Lever Brothers Westinghouse Electric Co. Ozalid in Canada — Hughes Owens Co., Ltd., Montrea! 
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THE LEWIs EQUATION is sometimes 
atied by using a factor to cover stress 
oncentration and calculating the tooth 
form factor using the “worst applica- 
tion of load” method. The Lewis 
Equation, good for all pitches, is then 
expressed as follows; where 











S Root stress, psi 
Wr = Tangential driving pressure, lb 
P» = Diametral pitch 
K = Root stress concentration factor 
Y = Tooth form factor 
F = Face width, in. 
H T x Pp x K 
S =—— l 
FX] 





Stress concentrations in the root fil- 
let make it advisable to include the 
ctor K. T. J. Dolan and E. L. Brog- 
amer, University of Ill. Experiment 
tation Bulletin No. 335, developed 
n empirical formula for K that can 
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Charts for Calculating Root Stresses in Spur Gears 


WAYNE H. BOOKMILLER 


Gear Engineering Division, General Electric Company 


be applied to a wide range of gear 
tooth designs. The equation for a 20 
deg pressure angle gear is; where 


K = Stress factor 
t = Tooth thickness at weakest section, 
in. 
h = Height of parabola above weakest 
section, in. 
b = Gear dedendun, in. 
V = Number of teeth 
re = Hob edge radius, in. 
ry Minimum radius of fillet, in. 
(b — r,)? 
ry > Te — - e A 
a) ee 
2 Po : 


eon E e 


A large number of layouts 
were made using the method illus- 
trated in Fig. 1. Lay off a distance of 
one base pitch along the line of action 


scale 


from the start of involute action. 
36o 2 
Number 
teeth a 
A 
on, 
A % 
Sase iik 


REFERENCE 


BOOK SHEET 





Swing an arc to tooth surface to locate 
point of “worst application of load”. 
The line through this point is tangent 


to the base circle. Values of K were 
calculated by Eqs 2 and 3. 

Tooth deflection under load and the 
small chamfer usually put on the tip 
of gear teeth were not considered in 
making tooth layouts for Y and K. 
The contact ratio is somewhat reduced 
by the chamfer, but since the contact 
ratio is increased by tooth deflection, 
the use of the actual gear outside di- 
ameter is justified. 

As an example of the use of Eq 1 
and Figs. 2 and 3, consider the gear 
and pinion: 


Pinion Gear 
Number of teeth 28 85 
Diametral pitch 20 20 
Pressure angle 20 deg 20 deg 
Pitch diameter 1.40in. 4 250 in 
Addendum 0.050in. 0.050 in. 
Tooth thickness 0.077 in. 0.077 in. 
Speed 20,000 rpm 6,600 rpm 
Face width 1 in > In, 
Horsepower 15 
W 15 X 33,000 X 12x 2 
r = —70,000 X 2 X 1.400 
67 .5 |b for opinion 
F 0.695 (Fig. 2) K = 1.890 (Fig 
i 67.5 X 20 X 1.890 pá : 
S -o S f , 342 psi 


0.500 X 0.695 


The use of Eq 1 and Figs. 2 and 3 
will give accurate root fillet stresses 
of standard addendum spur gears cut 
to the data given. These curves have 
been used in designing spur gears for 
several years with good results, and 
are presented here as an aid to gear 
designers. 


ENGINEERS 
DRAFTOMEN 
EXECUTIVES 
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Tue new Auto-Lite Automotive Wire and Cable and Mag- 
net Wire Catalogs are packed with information every execu- 
tive and engineer should have. Besides covering such 
important subjects as magnet wire, high tension ignition 
cable, low tension cable, ignition cable assemblies, wiring 
harness assemblies, battery cable assemblies, they provide 
comprehensive charts and data tables of greatest use in 
designing and estimating. 

Write on your company letterhead for your copies today. 

THE ELECTRIC AUTO-LITE COMPANY 


Wire and Cable Division 
Sarnia, Ontario Port Huron, Michigan 


AUTO-LITE wiris 


TUNE IN THE DICK HAYMES SHOW FOR AUTO-LITE, THURSDAYS, 9:00 P.M.—E.T. ON 
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Charts for Calculating Root Stresses in Spur Gears (continued) 
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2.10 Addende a = 1000/4 

Whole hath ht = 2.350/8 

— Préssure ar nge, # = 20° - 

Tooth thickness, T = 1.540/8 

2.00 Hob eage radius, = 0.440/8 
i Diarmetra/ pitch = £ 
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Stress Concentration Factor K 
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w you can save money and avoid future service troubles 
using the new Armco Stainless Steel Type 316 ELC (Extra 
Carbon) in welded processing equipment. 
Annealing after welding is no longer necessary to prevent 
ntergranular corrosion. Type 316 ELC staunchly resists cor- 
ve attack near the welds when your equipment is in serv- 
ice. The reason is, this special Armco Stainless Steel has a 
maximum carbon content of .03%. 
Heretofore, in some welded equipment, the excellent cor- 
rosion resistance of Type 316 has been safeguarded by the 
addition of columbium as a carbon-stabilizer. 


Now the extremely low carbon content of Armco Type 


ARMCO 
ILLEAN 
YLIN 


pRMCO 


t 
4 
ig 
Ti 
a 
ax 
g 
7 


316 ELC accomplishes the same purposes—at less cost. 

This new grade is ideal for welded equipment exposed to 
corrosive conditions at temperatures below the sensitizing 
range. It can be used in equipment for the production of 
textiles, chemicals, pulp and paper, oil, and in other process- 
ing industries. 

Get more information about Armco "ELC" Stainless Stee 
Find out how you can take advantage of the special corro 
sion-resistant properties of this stainless steel. Just fill in and 
mail the handy coupon. Or get in touch with your nearest 
Armco Distributor. The American Rolling Mill Company, 1353 
Curtis Street, Middletown, Ohio. 


MAIL TODAY FOR ELC DATA 


The American Rolling Mill Company 
1353 Curtis Street, Middletown, Ohio 


We make 

Sizes Required 

Special Requirements 

Send us prices of Type 316 ELC 
Name 

Company 

Street Address 


City — a i Zone State 
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NEW MATERIALS AND PARTS 


INDES O F ITENS 


° 
Product Manufacturer Page Product Mianutactuter 
g 


Accelerometer, Linear Autoflight Instrument Div. 172 Power Supplies, D-( Condenser Products Co. 
Alloy, High Density. ......General Electric Co. i 165 Power Supply, Portable. .....Superior Electric Co... 
Arc Chamber, Fibre ee lS eee 184 Pump, Coolant ‘ ihe Ruthman Machinery Co 
Bearing, Miniature Ball ..New Hampshire Ball Bearings, Inc. 168 Pumps, Hydraulic Gear .-The Aro Equipment Co. 
Bearings, Gridded ... ....sNat. Bearing Div., American Brake Rectifier ia sesso OOT COs esa 

Shoe Co. ... ee Rectifier, Constant Voltage....LaMarche Mfg. Co 
Bearings, Linear Ball.........Thomson Industries, “Ine.. ee 178 Relay, General Purpose......Comar Electric Co. 
Belts, Timing ... .......L. H. Gilmer Div., U. S. Rubber Co.. 172 Relay, High Speed...........Stevens-Arnold Inc. 
Clip, Tubular Speed. ......Tinnerman ae. “Inc i. 188 Relay, Thermostat ....... -Sigma Instruments, Inc 
Coating, Refractory ..........Whitman Co. . Ee: Ring, Packing Smith Blair Inc... 
Contactors, Solenoid ... ‘Ward Leonard Electric Co............ 182 Rod, Overlay Welding ..»Eutectic Welding Alloy Corp. 
Control, Electronic Speed... ..Electric Machinery Mfg. Co.......... 182 Rubber, Special Purpose......B. F. Goodrich Chemical Co 
Conveyors, Flight .... «6 eRe COMNOPOER, ENG..cccccercccce Ma Selector, Gas Atmosphere. ...Surface Combustion Corp. 
Coupling, Flexible ..........Dodge Mfg. Co. .................... 166 Stencils, Isometric Drawing. ..Charvoz-Roos Corp. 
Coupling, Trip-Proof ........Roylyn, Inc. 178 Strainer, Angle Type..........j. A. Zurn Mfg. Co 
Decade Scaler, Radiation. ....Potter Instrument Co.... ... 174 Switch, Fused Rotary Snap. ..Electro Switch Co 
Detector, Combustible Gas. ...Davis Emergency Equipment Co., Inc. 176 Switch, Industrial Limit Micro Switch Div., First Industrial 
Finish, One-Step Metal. ......Acryvin Corp. of America............ 170 C 
Fittings, Hydraulic Tube.....Flodar Corp. .... E Switch, Snap-Action Unimax Switch C orp. 
flow Indicators, Ball..........Schutte and Koerting ce... a Thermometer, Flat-Stem . X. C. Dillon, Inc. 
Hinge, Snap Action..........Plastics Div., General Electric Co. Tube, Full Wave Rectifier. National Electronics Inc 
Instrument, Strain Gage... ...Anderson- Fluke MT, GOs ccc ceeds Tubing, Flexible ... i Penflex Sales Co. 
Joints, Universal Expansion. ..Zallea Bros. & Johnson..... oos Tubing, Plastic . Wm. Brand & Co. 
Motor, Variable-Speed .......Guernet Electrical Machinery, T. oi Valve, Pilotless High Vacuum. Airmatic Valve Co. 
Motor, Vibrator Type.... .Piqua Machine & Mfg. Co........... é Valve, Three-Way Butterfly...W. S. Rockwell Co. 
Motors, Dripproof Induction. .Kurz & Root Co.... Valves, Air and Hydraulic....‘lanna Engineering Works. . 
Packing, Permanent Valve....United States Gasket Co Valves, Expansion A tomatic Pola Co 
Plug, Locking Electric Neoline Inc Valves, Spline Plug Control Hammel-Dahl Co. 


Permanent Valve Packing 

United States Gasket Co., 610 N. 10th St., Camden. 

N. J. 

Chemiseal No. 510, a chemically inert, anti-adhesive and 
easily deformable valve packing, is now available. Fabri- 
ated from 100 percent unoriented teflon, the packing is 
nserted in valve stuffing boxes in the form of a sleeve or 
bushing. Minimum nut pressure is required to compress 
the material to the dimensions of the stuffing box. The 
haracteristics of the material reduce binding of valve 
tems and reciprocating shafts and make replacements 
innecessary. The packing is available in a wide range of 
liameters and lengths. 


Hydraulic Gear Pumps 


The Aro Equipment Corp., Bryan, Ohio 


Three models of pilot-type flush-mounted hydraulic geat 

pump have been developed. Designed for continuous 

service at pressures up to 1,000 psi and for intermittent 

service up to 1,500 psi, these units are suitable for pres 

sure lubrication and oil hydraulic applications. Materials 

handling, metal-working and earthmoving equipment are 

among the many uses. Of simple design, the pumps 

incorporate wear-resistant materials including nitralloy 

i gears that move inside chrome plated faces of a cast iron 

Three-W ay Butterfly Valve housing. Operable directly or through a belt, gear or 

W. S. Rockwell Co., 200 Eliot St., Fairfield, Conn. chain drive, the three pumps are rated as follows: Model 

9,025—54 gpm displacement at 2,800 rpm; Model 

9,000—8 gpm at 1,800 rpm; Model 9,075—15 gmp at 
1,200 revolutions per minute. 


The Wafer three- way valve consists of two butterfly valves 
and a tee with the valves interlocked. The closing of one 
valve o pens the other in any proportion. Actuation can be 
dy hand wheel or lever and automatic Operation can readily 


% applied. For large pipes, roller chain and sprocket High-Density Alloy 


‘onnections are arranged. The unit is ideally suited for re 
quick interchange, diversion of flow or mixing of gases General Electric Co., Pittsfield, Mass. 


ot fluids. Sizes range from 4 to 60 in., American Standard Hevimet is an alloy of tungsten, copper and nickel 
‘en Flange sizes, in cast iron or special alloys. Pressures sessing a density 50 percent greater than lead. Originally 
Pto 100 psi and temperatures to 1,800 F can be handled. developed for use on a gamma ray screen, the material 


p ; és 
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N E W M A T E R I 
adaptable to the construction of balance weights, cen- 
trifugal clutches, air screws and rotating parts in which 
maximum inertia and minimum size are primary design 
considerations. Combining a tensile strength of 85,000 
to 118,000 psi with good machinability, the alloy is highly 
resistant to salt water corrosion, will easily plate with cad- 
mium, chromium and nickel and can be silver soldered or 
brazed by standard methods. Hevimet is a sintered mate- 
rial made in non-porous sheets and blocks. Average den 
sity is 16.8 to 17.0 grams per cc and the Rockwell hardness 
is 30 to 40 “C” scale. 


Pilotless High Vacuum Valve 
Airmatic Valve Co., 1643 E. 40th St., Cleveland, Ohio 


No pilot is required to actuate this solenoid high vacuum 
valve. Instant control is thus available for use in vacuum 
operated equipment and machine process applications. 
Of poppet design, the valve incorporates corrosive resist- 
ant internal parts. Resiliant synthetic rubber provides 

1 positive seal without the use of packing. Laboratory 
ond field test installations show average leakage to be 
only three microns. The valve operates from a 110 v 


d power source 
& 


Flexible Coupling 


Dodge Mfg. Corp., Mishawaka, Ind. 


The Taper-Lock bushing used in this pin-type flexible 
coupling provides a firm positive grip on shafts and 
makes reboring unnecessary. The center disc is made 
of oak-tanned sole leather that affords flexibility, resil- 
iency and strength. Removal of the disc is easily accom- 
plished by loosening the coupling flanges and sliding 
them back on the shafts. The compact design occupies 
minimum space on the shaft and true running is insured 


by careful balancing of the whole assembly 


166 
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Isometric Drawing Stencils 
Charvoz-Roos Corp., 1001 Sth Ave., New York, N.Y. 


Axonometric stencils offer the draftsman a quick method 
of presenting in one drawing a three-dimensional view of 
a complicated object. Fabricated from rigid sheets of 
Vinylite plastic, the instruments include isometric and 
dimetric stencils with many improved features. For exam- 
ple, the stencils have uniformly distributed extrusions on 
both sides so that they “float” above the surface of the 
drawing. The drafting edge is never in contact with the 
paper, thus providing a perfect inking edge and minimiz- 
ing the danger of triangle smudges on the drawing. The 
dimensional stability of the material insures retention of 
the initial accuracy of the instruments. 


Gridded Bearings 
National Bearing Div., 
Louis 10, Mo 

High load capacity and long life are claimed for these 


gridded lead-tin bronze-backed bearings. Grids are filled 
with babbitt and the bore is coated with a 0.002 in. lead 


American Brake Shoe Co 


tin “run-in” surface. The centrifugally-cast bronzé 
backing gives high thermal conductivity and conform 
ability without fatigue. Babbitted grids make the bear 
ings “self-healing” and provide a safety factor that pro 
tects shafts. The 0.002 in. “run-in” surface increases 
resistance to seizure and corrosion. Applications af 
in heavily loaded Diesel engines and similar heav y-duty 
services as main and connecting rod bearings. Loads 
of over 3,500 psi projected area can be carried with 
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SLEEVE 
BEARINGS 





Low Cost 


Odd shaped parts and 
self-aligning bearings 
when produced by con- 
ventional methods re- 
quire considerable ma- 
chine work, as compared 
with one forming opera- 


tion in LEDALOYL. 



































ANUFACTURERS of many types of equip- 
ment can gain these advantages by using 
Johnson LEDALOYL Bronze for bearings and small parts. 





Self-Oiling 


1 the LEDALOYL is a product of powder metallurgy, manu- Place a LEDALOYL bear- 
z- y ; 

"The factured by an exclusive process using pre-cast, pre- we Re Re ee —_ 
yn of alloyed bearing bronze. from the pores. Remove 
LEDALOYL bearings and parts are molded, under the bearing and the oil 
ee is reabsorbed. This illus- 

pressure, to required shape and size, thus eliminating trates the self-lubricating $ 

4 expensive machining operations. When quantities of and oil retaining action. gi 


any size are used, the unit cost is surprisingly low. . 
Another valuable feature is the self-lubricating action Long Life 


. : On a recent “break-down” test, LEDALOYL Bearings 
of LEDALOYL. Myriads of tiny, evenly spaced _— operated week after week on a schedule of nine hours a 
serve as miniature oil wells. When the bearing is in use day for five days a week. The accumulated hours of test 
the oil is metered to the shaft . . . when at rest the oil is run represented a normal use of about five years, yet 


there was no sign of wear in the bearings or on the shaft. 






absorbed by these pores. This action provides adequate 
lubrication at all times . . . preventing wear and in most 
cases eliminating the expense and bulk of other lubri- 
cating aids. Service records show leng, trouble-free 
operation on many types of installations. 

When you are looking for ways to reduce cost and to 
increase efficiency in your bearing applications... call 
on Johnson Bronze. We manufacture all types of Sleeve 
Bearings . . . we are ready to serve you now. 


af 


BRANCHES IN 
Si ; ; 20 INDUSTRIAL 
~~ CENTERS 


- these 
, filled 
lead 
bronze 
nform 
> þear 
at pro 
creases 
ns arc 
vy-duty 
‘Loads 
1} with 


. New Castle, Pa. 
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as 160 Brinell hardness. Minimum depth 
of grids is 0.008 in. and minimum area of babbitt is 
10 percent. Customarily made as half bushings, these 
bearings can be furnished as full cylindrical units. 


shafts as low 


Dripproof Induction Motors 
Appleton, Wisc. 
A line of dripproof three-phase squirrel cage induction 
motors is available with two speed ratings in the 1-5 hp 
range. All motors have prelubricated sealed ball bear- 
ings and pressure cast rotors with aluminum bars and 
integrally cast fan blades. Built to NEMA performance 
and dimensional standards, these motors Operate on 
220/440 v at 60 cycles with a 40 C temperature rating 
or at 50 cycles with a 50 C continuous duty rating. 
Models in the 1,750 rpm series are rated at 1, 1.5, 2, 3 
and 5 hp; 1,150 rpm units give up to 2 horsepower. 


Kurz & Root Co., 


Strain Gage Instrument 


Anderson-Fluke Engineering Co., Springdale, Conn. 
strain 


direct re ading Strainmeter. 


l wenty-four wire resistance type 
handled by the Model 301 


Sep arate zero-load gage readings are dispensed with by 


built-in zero-load bridge balancers. Gages of resistance 


from a few ohms to several thousand ohms can be used, 
provided the compensator gage is matched within three 
The dial is divided into 10 microinches per in. 
` 


and strains of 2 microinches per in. can be 
range of the dial, 


t 
ohms. 


pri iduations 


detected. For strains exceeding the 
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gages can be 
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a range extender switch is provided. Maximum strain 
range is 0.012 in. per in. Rapid selection of the gage to 
be measured is made on the 24-point switch at the left 
on the panel. The instrument weighs 114 lb and measures 
8 x 10 x 12 in. Accessories required are 14 to 3 v dr 
cell battery and a galvanometer having 20 to 200 ohms 
internal resistance, 100 to 600 ohms external resist 
ance with 0.05—0.01 microamp per mm sensitivity. 


Angle-Type Strainer 
J. A. Zurn Mfg. Co., 
Erie, Pa. 

The angle construction of this strainer permits installa- 

tion directly on the pump or unit it is to protect. Space 

and fittings can also be saved by installing the strainer 
in a pipe line where it can serve as or replace a right 
angle connection. Various types are made with pressure 
ratings of 125, 150, 250 and 300 pounds. The latter 
type is particularly suitable for vapor, steam and gas pres- 
sure service. To provide for corrosion resistance and 
special flow characteristics, strainer-basket material and 
perforations are furnished to ——— The body 
and cover assemblies are available in cast steel, semi-steel 
or bronze, depending upon the pressure requirement. 


Everett and Pittsburgh Aves, 


Miniature Ball Bearing 
New Hampshire Ball Bearings, Inc., 


N. H. 
Measuring } in. OD . bore x ,/, in. the Micro 
miniature ball teers is non- magnetic and non-corrosive. 
The bearing was developed for electrical, electronic, geo- 
physical and similar applications requiring freedom from 


magnetic influences, as well as for general use where the 


Peterborough 1, 


wide, 
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Not when you are using Cone-Drive gear- 
ing for the job. For Cone-Drive gearing with 
f its larger contact per tooth and MORE TEETH 


IN CONTACT gives you vastly lower in- 
herent unit pressures . . . i.e., greater load 
d0 NOT mean capacity with smaller gears. 
And here’s a real design short-cut: Where 
e possible, use a standard Cone-Drive speed re- 
ducer. You'll be surprised in how small a space 
SHORTER ii it will fit and how much money it will save. 


Ask for Bulletin No. 8901a 


CONE-DRIVE DIVISION 


MICHIGAN TOOL COMPANY 


7171 E. McNichols Road ° Detroit 12, U.S.A. 


tie È ’ wees pee a atakokes N eo m r r A Aai. i > ie Pe 

With this compact standard In the Michigan “870” gear finisher, the Here is a paper box machinery manu- 
(one-Drive speed reducer, Pro- smoother slide movement drive—key to the facturer who found it a lot less costly to 
gressive Welder, in its flash weld- 870’s mew higher standards of accuracy and use a standard Cone-Drive reducer in 
ers, got “longer life, lower inertia versatility—is through a standard Cone-Drive re- place of former gear-change boxes in his 
lorces, freedom from backlash ducer, compact and light enough to go in the machines—and got increased load carry- 


lespite higher loads ...” machine head. ing capacity with longer life. 


l he ie ae g T E re, 7 adi PAPERO p 
P sere cE nek EE tts 
et Mito à i ff 
de : ———— ——— j 
\ vo i a X ; j 


i ~~ “a 
Pr 2 , “4, ` a f 
PES r Ee- 4 ” + 


yr 


A compact standard Cone-Drive reducer drives the conveyor on several new Most Cone-Drive standard reducers can 
me-spreader trucks, such as this one by Weston Dump Body—a tough job when also be water or fan-cooled—in which case 
unning with full loads over rough fields. you can just forget about thermal ratings. 
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non-corrosive properties are desirable. Material is beryl- 
lium-copper (tensile strength 200,000 psi) hardened to 
about 42 Rockwell “C” scale. Assemblies are offered in 
both Class 1 and Class 5 precision tolerances and are of 
full-race design for maximum capacity. 


Hydraulic Tube Fittings 
Flodar Corp., 331 Frankfort Ave., Cleveland, Ohio 
High resistance to extreme fluid pressures and heavy vi- 
brations is reported to be the distinguishing character- 
istic of Grip Tube hydraulic fittings. In addition to the 
standard connector body and coupling nut, a separate 
contractable sleeve is used to seal the fitting on the tube. 
This hardened alloy spring-steel sleeve grips the flared 
tube with slotted fingers when the nut is tightened. 
Straight, union, elbow, side tee, tube tee and cross types, 
both male and female, are available. Sizes run from 
1 to 14 inches 








Snap-Action Switch 


Unimax Switch Corp., 460 W. 34th St., New York 1, 

N. Y. 
Circuit control with double-pole, double- or single-throw 
switching is provided by the Type SA-1 snap-action pre- 
cision switch. Comprising an assembly of two alad 
Unimax precision switches ganged for mounting on one- 
inch centers, the switch is equipped with a duplex Adapta- 
plate that actuates both switching elements simultaneously. 
The plate is made of beryllium-copper and its construction 
affords the requisite transverse stiffness to assure uniform 
transmission of the actuating force to the operating pins 
of the two elements. Body dimensions are: 2% in. over-all 
length, 1g in. width 42 in. height including Adaptaplate. 
The switch carries the ratings of 15 amp at 125 volts. 
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One-Step Metal Finish 
Acryvin Corp. of America, Astoria, L. 1., N. Y. 
No chemical or mechanical surface pre-treatments or 
primers are needed when metals are finished with Acra- 
clad. Both ferrous and non-ferrous metals can be coated 
in a single application once the surface has been thor. 
oughly Genai. according to standard practices. The 
coating is non-toxic and highly resistant to corrosion by 
acids, oils, alkalies and salt spray. Baking time for each 
application is normally 10 min at temperatures ranging 
from 250 F to 350 F, although certain alloys require a 
maximum of 20 minutes. Application is by spray, brush, 
dip or roller coat, giving coverage of 350-450 square 
feet per gallon. 











Snap-Action Hinge 
General Electric Co., Plastics Div., Pittsfield, Mass. 


Manufacturing costs and assembly time are reduced 
through the use of this snap-action steel hinge that 
requires no screws or rivets for attachment to plastic con 
tainers. The hinge can be used on both thermosetting 
and thermoplastic materials, either with or without the 
spring = Attachment is made by teeth that bite into 
slots molded in the container material. A strong assem- 
bly is thus provided as the spring tension is concentrated 
on the metal rather than on the container material. 


Refractory Coating 
Whitman Co., 1407 Esperanza St., 
Calif. 
A refractory coating called Vitroseal is available for pre- 
venting spalling action, resisting heat penetration and de- 
creasing carbon slag and clinker adherence in fire boxes, 
furnaces and crucibles. The material forms a semi-glazed 
protective monolithic wall of extreme hardness between 
fire and fire brick. The destructive effects of flame 1m- 
pingement and abrasion at temperatures up to 3,390 F 
can be withstood. The glazed surface speeds heat-up time 


Los Angeles 23, 
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40-degre 


Most of the advantages of the new Fairbanks- 
Morse Axial Air-Gap motor are immediately 
apparent. Whether yowre making or using 
drills, presses, pumping units—any of a wide 
variety of motor-driven machines—the bene- 
fits of a fully rated, 40-degree motor that is 
50% shorter, 30% lighter than other motors, 
are obvious—and important! 


Remember, too, that along with the novel 
advantages brought to you with this new 
line of motors—the ability to blend with 
the contour of your machine, the compact- 
ness, and wide adaptability—you continue 
to get the quality that has been manifested 
in Fairbanks-Morse electrical machinery for 
many years. 


What the Axial Air-Gap motor does for this ver- 
tical drill it might well do for your machines: 
Greater eye appeal, more “buy” appeal, fine high 
quality performance. 


A few of hundreds 
of applications of 
axial air-gap motors. 


An arbor saw 


A name worth remembering 


DIESEL LOCOMOTIVES + DIESEL ENGINES + STOKERS © SCALES + MOTORS + GENERATORS 
PUMPS + RAILROAD MOTOR CARS and STANDPIPES è» FARM EQUIPMENT +> MAGNETOS 
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due to reflection and decreases heat loss through joints 
Applications of a water solution of the powder can hi 


made by brush oi pray 












Flight Conveyors 
Hopman Conveyors, Inc., Detroit 21, Mich 

Circular synthetic rubber flights mounted on sealed-pin 
chains are available for conveying a wide variety of ma 
terials through pipes or semi-circular trough sections 
Inherently clean in operation, the flights are flexible and 
will follow a pipe in any direction. Applications include 
the conveying of materials such as coal, welding flux, 
ihrasives, cement, sugar, cocoa, copper shot and flour 
light sizes currently available will fit pipes and troughs 


having 3. 4. 6. 8 and 10 inch inside diameters 











Center, N. ì 


Stec ibles embedded in oil resisting synthetic rubber 
educe stretch and make the use of slack take-up devices 
ONECESSAaLy The rubber teeth which require special 
poved pulleys minimize noise and slippage and pro 
vide positive engagement at belt speeds up to 10,000 
eet per minute Ideal tor power transmission and syn 
oO ition purposes, these flexible belts arc applicable 
wide variety of uses in the automotive, aviation, ma 
Oo ness and industrial fields 
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Flexible Tubing 
Pe rifle X Salé t Co., 7200 Powers Lane y Philadelphi i2 
Pa 

Ronaflex braid-covered rubber tubing will withstand 

liquid and gas pressures of 980 psi. Highly flexible and 

resistant to abrasion, the tubing is available with snap-on 
couplings for quick installation. The rubber is synthetic 
and the braiding is galvanized or stainless steel, aluminum 
or bronze. Ronaflex assemblies are suitable for use as 
engine fuel and oil lines, machine tool coolant lines, 
butane-propane gas lines, paint sprayer air lines, portable 
gas heaters and household appliances. 








w 7 
Linear Accelerometer 
Autoflight Instruments Div., G. M. Giannini & Ci 
Inc., 285 W. Colorado St., Pasadena 1, Calif. 
Linear output signals in varying ranges up to 25 G can 


be transmitted by this accelerometer. It is insensitive 
to quadrative accelerations and mass weight is mag 
netically damped so that optimum performance is ob 
tained regardless of temperature or altitude. Signals are 
picked up on a recording milliammeter. Internal resis 
ances of the instrument range from 100 to 20,000 ohms 
and either a-c or d-c can be used as the external power 
source. Dimensions are 6% in. long and 14 in. diameter 
Weight is 6 oz. including mounting brackets. A modifi 
cation of this instrument is a Maximum Indicating 
Accelerometer that can be expelled from aircraft or mis- 
sile, recovered, read, reset and reused 











Universal Expansion Joints 
Zallea Brothers & Johns 
Oj}, Del. 


Axial, lateral and or angular movements of high tem 


888 Z 


perature conduits can be absorbed by these universa 


f 


Assemblies can be made to fit any 


expansion joints 
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At your finger tips... 


S 
Piping Equipment for Every Design 
nd 
nd i . . 
No hunting ... no time lost... when 
n ° S o ° 
S you specify piping equipment from the 
tk d ` ’ . > t 
Crane Catalog. It’s organized for quick, 
l 
pp easy reference. A truly complete selec- 
a kai È 
s tion is yours... the world’s largest... 
es. i cae E i 
| of valves, fittings, piping accessories, 
we . . . 
and pipe for every design requirement. 
No compromise is necessary whether 
you're specifying for a simple lubricat- 
ing line or a complex hydraulic system, 
for example. Crane offers all types and 
sizes of piping equipment... in brass, 
iron, and steel. Here's an opportunity 
- : A 
" to standardize without limitation. 
ONE SOURCE OF SUPPLY 
ONE RESPONSIBILITY 
ONE STANDARD OF QUALITY 
Product designer... builder... and 
pp machinery buyer... all benefit by the 
3-way advantage of standardizing on 
Crane equipment. As it speeds design- 
ing, it simplifies your factory proce- 
dures. Your customers get the greater 
value that Crane equipment has been 
can giving for more than 90 years. 
AVE 
ag CRANE CO., General Offices: 836 S. 
ob Michigan Ave., Chicago 5, Ill. Branches 
are and Wholesalers in All Industrial Areas. 
IS 
ms 
wel 
‘ter 
dif . " d (Above and left) ENCO fuel-oil 
ing r / pump set by The Engineer 
nis- s Company, designed with Crane 
g piping materials. 
(Right) IN STEEL VALVES, Crane 
supplies gate, globe, angle and 
check patterns, in cast and forged 
materials, in pressure classes for 
all applications. Also, in a 
wide selection of corrosion- 
resistant materials, includ- 
ing bar stock valves. See 
your Crane Catalog or call 
your Crane Representative 
for complete specifications. 
a 
EVERYTHING FROM... 
VALVES « FITTINGS 
em PIPE « PLUMBING 
ersa AND HEATING 


any FOR EVERY PIPING SYSTEM 
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equirements by combining different types and sizes of 
the two corrugated elements and the interposed section 
of pipe. The expansion elements can be either of non- 
equalizing type for pressures up to 30 Ib or self-equaliz 
ing for higher pressures. The length of the pipe section 
determines the amount of lateral movement. These joints 
are well for refineries, power plants and 
chemical process plants because the joint has no sharp 
crevices in which catalysts can pack 


suited use in 


Flat-Stem Thermometer 


W. C. Dillon & Co., 

Chicago 44, Ill. 
Designed for attachment to flat or rectangular surfaces, 
this flat-stem dial- type thermometer has many uses where 
the round-stem type is extremely difficult to apply. The 
heating element goes down snugly against the object under 
test and provides a wide heat absorbing area. The unit can 
be clamped in place or drilled and tapped and screwed into 
position. Applic ations include power bus-bars, switch 
blades, engine blocks and water jackets. The flat stem 
can be sup plied in varying widths, thicknesses and lengths 
a wide range of metals. Standard capacities are: 
0—200 F, 50—500 F, 150—750 F and 200—1,000 F: 
dials are either 3 in. or 5 in. in diameter; and Centigrade 
ranges are available on order. 


Inc., 5410 W. Harrison St., 


and in 


Vibrator Type Motor 


Piqua Machine and Mfg. Co., Piqua, Ohio 
Vibratrol incorporates a design different from the con- 
ventional type used in small electric motors. Compact 
this vibrator type motor combines all 
the advantages of the induction motor with the most 
lesirable performance characteristics of the series motor. 
It has high starting torque, high overload capacity and 
No radio interference is created 
The unit is 


and light in weight, 


good speed regulation. 
is there are no brushes or contacts to spark. 
built for use on 115 v, 60 cycle, a-c lines. 
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Air and Hydraulic Valves 

tanna Engineering Works, 1765 Elston Ave 

22, Ill. 
Unitite valves for air and hydraulic lines have been re- 
designed to incorporate a protective seal. Made in the 
form of a skirt, the neoprene seal is mounted on the 
valve stem underneath the handle to snugly shroud the 
boss on the bonnet. The lubrication fitting has been 
relocated in the end of the stem so that the valve disk 
and stem are pressure lubricated radially outward. Lu- 
brication is therefore accomplished without taking the 
valve out of service or shutting off the flow. Body and 
bonnet design does away with knuckle barking. ` 


, Chic ago 


Radiation Decade Scaler 
Potter Instrument Co., Inc., 
Flushing, N. Y. 

Designed specifically for radioactivity measurements, the 

Model 2092 Decade Scaler is a completely self-cont ained 

instrument. Three plug-in type counter decades are used 

to provide a convenient decimal scale registration of each 
count. A switch is provided for the selection of a scale 
of 10, 100 or 1,000 in driving the mechanical register 
located on the front panel. The unit will resolve two 
pulses that are 5 microseconds apart and will count con- 

tinuously with absolute accuracy at rates up to 130,000 

counts per second. The pulse height selector is set at 0.29 

volt sensitivity. Adjustable from 600 to 1,500 volts, 

high voltage regulated power supply is included for the 


136-56 Roosevelt Ave., 
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Check the Coupon 
and 
Check the Facts l V TEST the stronger lead for longer wear. A thermostatic- 


ally controlled heat treatment produces extraordinary 
strength through the entire lead. 


V SEE how Hi-Density assures uniform opacity. Only VAN 


DYKE gives you HI-DENSITY lines that are uni- V COMPARE tie precision of grading. Ninety-nine years 
formly opaque in drawings...and sharply white in of fine pencil making experience and the use of exact- 
prints. ing formulae are your assurance of uniformity of lead 
in every degree. 


V NOTE the crisp, sharp prints. Because you get blackness 


without thickness of lead deposit, there’s a minimum MICROTOMIC 


of smudging and freedom from erasure-ghosts. 


V FEEL how smoothly VAN DYKE glides. That’s because 
VAN DYKE Microtomic Leads are made of pure crys- 
talline graphite flakes — chemically reduced 100 times 


finer than is possible by old grinding methods. +4 j = D E N S ITY 


DRAWING PENCIL 


EBERHARD FABER 


Dept. PE-2,°37 Greenpoint Ave., Brooklyn 22, N. Y. 
Yes; I'll be glad to try a Microtomic VAN DYKE. 
Send me FREE a —____ regular lead or 


(degree) 
& ........» Chise} Point. 
(degree) 


ROUND LEAD in is degrees from 
Sketch-Pad 7B Soft to Naval Architects’ 
9H Extremely Hard 


Nam 
eS ee: 
Street & No. 


EXCLUSIVE CHISEL POINT -a rec- 


tangular lead that gives you 20% more 
line-production between sharpenings! Six 
TRADE MARKS REG, U S. PAT OFF degrees only — 4B, 2B, HB, 2H, 4H & 6H. 


City & State 


ee 


) ` ù 
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operation of Geiger-Mueller tubes and other types of 
detectors. An a-c outlet and switch circuit for operating a 
clock timer permits simultaneous counting and timing. 








General-Purpose Relay 


( Wiad Electri ( , 2/01 Belmi nt Ave., Chicago 18, 








special Comar coil gives the Type a 
able performance under all general operating conditions. 
Designed for circuit control applications, the unit can 
he quickly mounted in any position with terminals easily 
accessible Assemblies are available in any contact ar- 
rangement up to 4-pole double throw. Contacts made of 
fine silver or other specified material have a wiping 
ction that insures positive electrical connection. Aver 
age coil consumption is 74 va and contact current « apacity 
Weight is 3 oz and overall size 


relay depend 


is 5 amp at 115 v a- 
13 


is 2x 28 x inches 











Combustible Gas Detector 


Davis Emergency Equipment Co., Inc., 45 Halleck St., 
Newark i, N. k 

Combustible and explosive concentrations of flammable 
gases or vapors can be detected by the Model 6 Vapo- 

tester. The instrument analyzes gases in a low range 


up to the lower explosive limit or 


1/0 





a higher range 10 















A R T 





S A N D P 
times as sensitive in the toxic range. A sample of the 
amen mixture is ignited on the surface of « leg 

ı Wheatstone Bridge circuit and the resultant unbal- 
ince is recorded on the meter in proportion to the per 
centage by volume of the gas present. To interpolate 
the meter readings in sai per million of the gas present 
reference is made to a calibration chart that shows wiht 
the instrument will read with each of the gases present 







Variable-Speed Motor 


Guernet Electrical Ma hinery, Inc., Box 196, Meriden 
Conn. 


Designed to maintain constant maximum torque at all 
speeds, this variable-speed motor is adjustable over 

1,500 to 6,000 rpm speed range. A lever at the side 
stops or starts the motor and mechanically controls 

pair of centrifugal mnom contacts that accomplish 
the speed variation. Completely self-contained, the 
motor is adaptable for drilling, grinding, buffing, polish 
ing, chemical mixing, wire or tape winding and genera 
laboratory work. The unit carries a rating of 4 hp 
measures 9 x 7 x 5 in. and operates on a 115 \ single 
phase power supply of any frequency. Models witl 
single or double reduction gears and flexible shafts arc 


also available. 





=P 











Spline Plug Control Valves 
Hammel-Dahl Co.., 
R.1. 


Microflo control valves can handle flows from 4 to 2,385 
cc per minute. The basic element of the valve is a solid 
stellite plug 1% in. long hone fitted in a § in. deep stellite 
seat. The depth of the seat insures streamline or viscous 
flow just as the plug is leaving the seat. Flow control n 


Prot Mdeice 3, 


243 Richmond St., 
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fill this spot... 
for highest 
Machine Tool 


efficiency! 
| 


ACHINE toolefficiency is of vital importance 
M in today’s stepped-up production sched- 
ules. Motor failure means “time out” for the 
machine, interrupted schedules, and lost profit. 









Wagner Quality Motors provide a reliable 
source of power to drive your machine tools 
—they are famous for their unfailing depend- 
ability—and they give you quiet, smooth, 
vibrationless performance as well! 










Many far-sighted machine tool manufacturers 
have standardized on Wagner Motors. They 
know that dependability and continuity of 
Operation are of paramount importance in 
a good machine tool ... and they vow that 










Wagner Motors can assure longer life and 






reduced maintenance costs. If you manufacture 






or use motor driven equipment, Wagner can 
furnish a motor that will fit your needs. Users 
of Wagner Motors also profit by our quick, 








convenient, nationwide service facilities. 






Wagner maintains twenty-nine branch offices, 
located in principal cities. These offices are 
manned by trained field engineers who will 
be glad to help you solve your motor applica- 
tion problems. Write for Bulletin MU-185 
for information on the complete line of Wagner 
Quality Motors. 












Wagner Electric Corporation 


6406 PLYMOUTH AVE., ST. LOUIS 14, MO., U. S. A. ~ 









Totally-enclosed Fan-cooled Totally-enclosed Non-venti- 
Motor. lated Motor. 












Consult Wagner Engineers on all Electric Motor Problems 








+ ELECTRIC MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES + AUTOMOTIVE PRODUCTS - 
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the 1 in. of valve travel is governed by the shape of slots 
milled in the plug. The seat is held in place by a threaded 
retainer making it possible to replace the plug and seat 
with any one of the fifteen different sizes available. A 
No. 15 spline plug at y in. valve lift will pass 9 cc of 
water per min at 100 psi pressure drop. The valves can 
be provided in body sizes of 4, ł and 1 inch. 


Gas Atmosphere Selector 
Surface Combustion Corp., Toledo, Ohio 

Designed for use with a dew point recorder, the Atmos- 
phere Selector can handle gases from as many as six dif- 
ferent sources in timed sequence. The equipment consists 
of a six-way valve with indicating lights, electric time 
clock and motor so arranged that the source of atmosphere 
supply to the recorder is automatically switched from one 
line to the next. Provision is made for skipping one or 
more lines and returning the inlet valve to the initial line 
automatically. Between recordings, lines are purged. A 
typical clock setting for the analyzing frequency is at 30 
min intervals so that six samples can be handled in a 3 
hr period. Cabinet measures 104 x 21 x 134 inches. 


> 


Linear Ball Bearings 
T} mion Industrie A Iné j 
hasset, N. Y. 

Series “A” Ball Bushings provide advantages for linear 

or reciprocating motion applications comparable to those 


1029 Plandome Rd., Man- 


17$ 
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obtained with ball bearings in rotary motion uses. By 
substituting these anti-friction bushings for plain bear- 
ings, the size of entire mechanisms can be scaled down 
because of the low bearing length-to-diameter ratios 
required. The reduced friction permits the use of high 
operating speeds and smaller drive motors, gears, linkages 
and associated parts. Ball bushings are self-contained 
units made up of a hardened steel sleeve, a pressed steel 
ball retainer and a pair of rings which position and 
secure the retainer in the sleeve. The assemblies now 
available will fit shafts having 4, 4, ł and 1 in. diame- 
ters. In-between and larger sizes are scheduled for 
future production. 


Trip-Proof Coupling 
Roylyn, Inc., 718 W. Wilson Ave., Glendale 3, Calif. 


A piston type valve built into the Trip-Proof coupling 
must be in the “shut-off” position before the coupling 
can be broken. Conversely, the coupling must be locked 
in its mating nipple before the valve can be opened. This 
locking action is accomplished by meshing the valve lever 
with the locking collar of the coupling. Requiring 40 
deg rotation for activation, the coupling is easily operated, 
positive acting, and vibration proof. The unit is especially 
designed for handling petroleum products, chemicals and 
other products where spillage is not permissible or desir- 
able. Weighing 113 lb, the coupling is available in 2} in. 
pipe thread sizes with larger units contemplated for 
future production. 


D-C Power Supplies 

Condenser Products Co., 1375 N. Branch St., Chicago 

22, Ill. 
The HiVolt PS-1 is the first of a series of high voltage 
low current power supplies designed to charge capaci- 
tors used in electronic photoflash and spectrographic 
analysis equipment. A similar unit, the PS-2, is intended 
for use in radiation counters, oscilloscopes and television 
receivers. Assemblies are hermetically sealed in lacquer 
finished lead-coated steel containers that are unaffected 
by humidity. PS-1 and PS-2 units will transform 118 
v a-c 60 cycle current to 2,400 v d-c. Additional models 
developing 4,000 and 10,000 v are planned for future 
production. All assemblies measure 3} x 33%, x 54 in.; 
weight is 2} pounds. 
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Heres Wow CLUTCH HEAD Sxcuge 


Q. What is the main cause of driver skidding? 


Q. How does CLUTCH HEAD overcome this “‘ride-out’’? 

Q. How does the CLUTCH HEAD engagement differ? 

Q. What safety benefit results from this engagement? 

Q. Does this eliminate need for end pressure? 

Q. Do CLUTCH HEAD users support this skid-free claim? 

Q. What of this feature as a fatigue factor? 

Q. How does the Center Pivot Column add to safer driving? 


Q. Why is CLUTCH HEAD “America’s Most Modern Screw”? 


Q. What are these features? 


A. They include a recess engagement to 
match the ruggedness of the Type “A” Bit 
construction for driving up to 214,000 screws 

. non-stop; simple 60-second bit recon- 
ditioning; the Lock-On for easy one- 
handed driving, and basic design for com- 
mon screwdriver operation. 


A. “Ride-out” as set up by tapered driving. 
A. By elimination of the tapered recess. 
A. With straight sidesof driver matching straight recess walls. 
A. No slippage, so no damage to operators or work. 
A. Yes. No “‘ride-out’’ to combat; no end pressure; no skids. 
A. Many. Norge says “Cabinet damage eliminated.” 
A. Effortless driving means more screws driven per day. 
It prevents canting by guiding bit into dead-center entry. 


Because it has features unmatched by any other screw. 


Q. And how may we check them? 


A. You may check all of these features by 
sending for package assortment of screws, 
sample Type “A” Bit, and illustrated 
Brochure. These will come to you by mail 
and will give you an understanding why 
CLUTCH HEAD users report 15% to 50% 
increases in assembly production. 


UNITED SCREW AND BOLT CORPORATION 


CLEVELAND 2 CHICAGO 8 NEW YORK 7 


) ` ` 
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Ball Flow Indicator 

Schutte & Koerting Co., Philadel 
phia 22, Penn. 

Useable with lubricating oils and many 
solvents, ball flow indicators are avail- 
able in flow ranges from 0.2 - 60 gal- 
lons per minute. The units comprise 
a tapered glass tube with a moving, 
guided brass ball that acts as the flow 
indicator. Movement of the ball is 
E a D v E A La o 3 | confined to the center of the tube by 
a slender stainless steel rod. Neo 
prene gaskets are used as seals at each 
ids TYY money end of the tube. These indicators 
can be connected in series with pumps, 
filters, water treating equipment, bear 
WHERE | ings and cooling ne to “if pro- 
i å gressive wear or clogging of equip- 
Construction of Ward Leonard Vitrohm ment. Units are manufactured in al 
» BASIC Rheostats permits use of smaller sizes standard pipe sizes from 4 to 2 inches 


USUNNE A large number of solid rectangular con- 
tacts, imbedded in vitreous enamel on a 
I pressed steel base, fit Ward Leonard Rhe- 


ostats for high watt capacity and long, 
continued service. Size for size, no other 
rheostat will perform a similar duty. 

Ward Leonard Rheostats are ‘“‘Result- 
Engineered”. By modifying a basic de- 
sign, Ward Leonard can often give you 
the results of a special ... for the price of 
a standard. 

Write for Rheostat Catalog. Ward 
Leonard Electric Co., 63 South St., Mount 
Vernon, N. Y. Offices in principal cities 
of U. S. and Canada. 


ELECTRIC 
CONTROLS 


Portable Power Supply 
Superior Electric Co., 6107 Laurel 
St., Bristol, Conn. 


WARD LE NARD Capable of producing a variable a 
output voltage from 0 to 17 percent 

above line voltage, this portable Volt- 

E L ECT RI ~ C OM d NY $ | box power supply has many applica- 
SCL Si ee N E LLOER tions in the physical and chemica' 


laboratory. Power can be taken from 
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any or all of the output receptacles and 
insulated binding posts. 
aluminum 
transformer, a 
2 percent and a renewable fuse. 
models of the Voltbox are available. 
Type UCIM is rated at 0-135 v, 7.5 
amp, 1,000 va output from a 115 v 
50/60 cycle single phase input; type 
UC2M is rated at 0-270 v, 3.0 amp., 
810 va 
single phase input. 





The cast 
contains a variable 
voltmeter accurate to 
Two 


case 


from a 230 v, 50/60 cycle 


Locking Electric Plug 

Veoline. Inc.. 130 S§ Hewitt St., Los 
Angeles 12, Calif 
Quickly installed or removed, this 
Neolock “105” locking plug has great 
utility in the industrial or home ap- 
pliance field. Slight finger-tip pres- 
sure on the plunger attached to a 
sliding wedge forces the prongs tightly 
against the contacts of the receptacle. 
Positive contacts are made even in 
badly worn sockets. The plug is un- 
locked and easily removed by pulling 
the plunger. Ease of disassembly 
makes substitution of this plug for the 
conventional type a simple operation. 
Available in any standard color, the 
Neolock plug is constructed of neo- 
prene that provides resistance to oil, 
sunlight, and hard usage. Two-con 
ductor plugs are available and 3 and 4 
Onductor assemblies are scheduled for 
future production. Load ratings for 
this 105 series of plugs range from 
IU to 6O amperes 


Plastic Tubing 

William Brand & Co., 276 áth Ave., 
New York 10, N. Y. 

Many applications for electrical in- 
sulating sleeving and tubing, once con- 
sidered beyond the practical limits of 
thermo-plastic material, are now pos- 
sible with Turbo Extruded Type REL- 
l6 tubing. Extensive tests have shown 
that this modified polyvinyl resists 
heat shock without cracking and en- 
dures prolonged heat, 2,400 hours at 
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New Contactor has maximum capacity 
for minimum space, and long life 


With a minimum of parts, Ward Leonard's 
new size #1 a-c solenoid contactor is un- 
usually compact. Assembly in your prod- 
uct is simplified by fact that contactor 
was designed to meet machine tool re- 
quirements. Adaptable to many applica- 
tions where space is limited. Easy to look 
at, but doesn’t need looking after. 

Ward Leonard contactors are “Result- 
Engineered”. By modifying a basic de- 
sign, Ward Leonard can often give you 
the results ofa special... for the cost of 
a standard. 

Write for Contactor Catalog. Ward 
Leonard Electric Co., 63 South St., Mount 
Vernon, N. Y. Offices in principal cities 
of U. S. and Canada. 
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In these days of critical steel shortages many 
manufacturers are saying: “If there is another 
rose that would smell as sweet, lead us to it.” 
If you use bright plated metals for decorative 
or functional use, we offer substitutes for 
steel base metal . . . and they are AVAIL- 
ABLE! We refer to such Nickeloid Metals as Chrome or Nickel 
plated to base metals of zinc, copper, or brass. All are available 
in sheets, in coils, bright or satin finish; coated one or two sides: 


in a wide range of gauges, tempers. 


Nickeloid Metals using such base metals 
as zinc, copper, or brass are time-tried 
and proven. All are easily workable, and 
for many applications can be used as a 
satisfactory alternate for steel at no 
extra fabricating cost. Ask our repre- 
sentative to call. 


Years of Pre- plated Metal Leadership 


~ E ~~ 


we 


are ts 


Free New Booklet Tells i ER S ù 
USES for NICKELOID METALS Rj 3 € i $ Š D 
This colorful illustrated book- i = " 

let tells many of the in- 5 ’ 

genious ways in which manu- i i 
facturers are using Nickel- 

oid Metals to improve the 

appearance and marketabil- 

ity of thelr products. Write Estallished 1895 

for it on your company 


letterhead. pP E R U 4 l L L N O j S 


135 C, without sagging, flowing or 
cracking. Heat shrinkage properties 
are within practical limits and Turbo 
REL-16 will not burn or support com- 
bustion. The water absorption capac- 
ity of this plastic is low and it does 
not change size during immersion. The 
dielectric strength of tube samples with 
0.020 in. thick walls is 1,600 volts 
per mil at 28 deg Centigrade. 


Electronic Speed Control 


Electric Machinery Mfg. Co., Minnea- 
polis 13, Minn. 

This Regutron rectifier provides ex- 
citation and speed control of boiler 
draft fans, centrifugal pumps, com- 
pressors and blowers on which mag- 
netic drives are used. The unit recti- 
fies 3-phase supply current to energize 
the drive and adjusts the current to 
hold operating load speed to within 


plus Or minus one percent of sele ted 


speed. A small potentiometer is used 
for automatic or manual speed selec- 
tion. Other controls guard against 
effect of overvoltage, under voltage, 
short-time power failure, and improper 
Operation of tubes or amplifies 


Solenoid Contactors 


Ward Leonard Electric Co., 31 
South St., Mount Vernon, N. Y. 


Solenoid-operated contactors of com- 
pact design are available for use as 
control devices in industrial and com- 
mercial applications. Size 1 A C Con- 
tactors are adaptable to complex or 
built-in a-c control panels and as 
main line, reversing or accelerating 
contactors on a-c motor controllers 
for machine tools, pumps and com- 
pressors. Other uses include remote 
control of heater loads and tungsten 
or infra-red lamp loads. All parts of 
the assemblies are conveniently ar- 
ranged on a steel mounting plate of 
standard NEMA dimensions. Internal 
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HAMMERED FINISHES IN 


w TWO COLORS 


DIMENSO 


FOR THAT EXTRA SALES APPEAL! 


Now you can select the finish with Sherwin-Williams ... and 


for your products from an almost 
unlimited choice of striking 
hammered effects—applied in a 
single operation! You can do it 
with Dimenso — and only with 
Dimenso... product of Sherwin- 
Williams Industrial Research. 


Your products finished in 
Dimenso will have a colorful, 
striking eye appeal that will 
give you a real selling edge on 
competition .. . at surprisingly 
low cost. Select the color combi- 
nation you want... register it 


no competitor can use the same 
combination. It's yours exclus- 
ively in your field—for instant, 
unfailing identification of your 
product! 


Mail the coupon for the full 
facts on Dimenso — one of the 
outstanding developments in the 
comprehensive line of Sherwin- 
Williams Industrial Finishes for 
every purpose. The Sherwin- 
Williams Co., Industrial Divi- 
sion, Cleveland 1, Ohio. (Export 
Division, Newark, N. J.) 
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Another Product 
of Sherwin-Williams 
Industrial Research 





Wherever power drives or remote control are re- 
quired, you can depend upon us to produce the 
Flexible Shafts that will meet the exact specifica- 
tions. We have years of experience in manufactur- 
ing flexible shafting for all types of industry. If we 
do not have what you require in stock, we can 
make shafts to your specifications. Our engineers 
will be glad to work out your problems without 
obligation. 


ELECTRONICS 


Many new uses for flexible shafts that carry power around any corner have been 
developed by our engineers . . . in machine shops, electronic, automotive, aircraft, 


in all industries where power drives or remote control are 
required. Write for Manual P. E. 


‘ct 
cA > 


F. W. STEWART MFG. CORPORATION 


4311-13 RAVENSWOOD AVE. CHICAGO 13, ILL. 
WEST COAST BRANCH: 431 Venice Bivd.; Los Angeles 15, Cal. 


The New Zinc Black 


Protects Important Parts 
ON THE WEBSTER-CHICAGO WIRE RECORDER 


Black-Magic ZINC BLACK is the 
modern treatment for zinc base 
die castings and zinc fabrications 

as an attractive final finish and 
an effective corrosion ond abro 
sion resistant. It is also an excel 
lent bond for paint, and when so 
used, it affords full protection for 
unpainted areas 


Becouse of these advantages 
Black-Magic ZINC BLACK is be 
coming “standard practice” wher 
ever product sales and service life 
are importont 


k-Magic ZINC BLACK is used on the 
spool of the Webster-Chicogo Wire Re 
order shown below becouse it does not 
build up the diometer and is a good 
bond for the silk screen pointed trade 
nome 

& Black-Magic ZINC BLACK on 

the mandrel resists the obro- 

sion of a felt brake which it 

engages, affording positive 

action without revealing bore 


Black-Magic ZINC BLACK, used on the 
take-up reel, resists the abrasion of the 
magnetic recording wire which rides on 
the periphery 

Write for the "Black Book” of details on 
ovr zinc black and other Black-Magic 
metal finishes. Also, for a first-hand ac 
qvaintance with this zinc black, suggest 
you send us a product for somple pro 
cessing without obligation. 


MITCHELL-BRADFORD CHEMICAL COMPANY 


MODERN METAL FINISHES 
) BRIDGEPORT, CONN. 





GLACK-MAGIC OXIDE BLACKING SALTS 


SILCO Gless-Base PROTECTIVE COATING 
WITCH-DIP & WITCH-OM FINAL FINISHES 


HEAT TREATING SALTS. CLEANERS. ETC 


i 


contacts are of the double break silver 
to-silver type and are silver brazed to 
line and load connection terminals 
Available with up to four main poles, 
these contactors have maximum ratings 
of 74 hp, 440 - 550 v on 3-phase 
60-cycle circuits. Standard coils ope- 
rate on 110, 220, 440 and 550 v at 
25, 50 and 60 cycle frequencies. 


Fibre Arc Chamber 
N. S. Baer Co., Hillside, N. J]. 


The combined electrical and mechan- 


ical strength of vulcanized fiber, when 
applied to arcing chambers, has con- 
tributed to the simplification of circuit 
breaker construction and to the pro- 
tection of molded barriers from arc 
burning. The assembly successfully 
prevents arc-over on a circuit breaker 
when a 5,000 amp, 460 v a-c short 
circuit at 40-50 percent power factor 
is produced. The dielectric strength is 
sufficient to prevent breakdown when 
the applied voltage is twice rated plus 
1,000 v or a total of 1,920 volts. 


Rectifier 

Weltronic Co., Dept. K, 19498 wW. 
Eight Mile Rd., Detroit 19, Mi h 
Known as the Series WR 40-50-60, 
this electronic rectifier is useful for 
powering small d-c motors, magnetic 
chucks and equipment requiring 750 
to 2,000 watts. Simplicity of design, 
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AJAX FLEXIBLE COUPLING CO. , WESTFIELD, NEW YORK 
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IN GEARS MADE TO YOUR SPECIFICATIONS 


“PARTS OFF" 
MANY 
MATERIALS 


All hot and cold 
rolled rods 
Stainless steel 
Chrome Molyb- 
denum 
Aluminum Brass 
Copper Bi-metals 
Many types of 
plastics 
Fibre Rubber 


Gears for every industry are precision 
cut to your specifications. Racks. . 
sprockets...spur...bevel...spiral... 
zerol ... worms and worm gears. Send 
blue prints or samples for prompt esti- 
mates on any quantity. 


696 Glendale St. St. Paul 4, alll 


Rod Cutting 
at High Speed 


with the New 


DI-ACRO ROD PARTER 


This newest member of the DI-ACRO “DIE-LESS 
DUPLICATING” family of Machines brings you accur- 
acy, speed, capacity range and ease of operation fully up to 
the standards of DI-ACRO Benders, Brakes, Shears. 

Do you require precision? —The DI-ACRO Rod Parter holds 
tolerance to .001” on duplicated cuts. The ends are square, 
and roundness is maintained. 

Do you want speed?— The Rod Parter exceeds output of 
other methods with equal accuracy, on rods and bars up 
to °,". Torrington Roller Bearings incorporated in an 
exclusive multiple leverage arrangement provide remark- 
able ease of operation in both heavy and light materials. 


GET "*DIE-LESS DUPLICATING’? CATALOG! 


Shows parts produced without die expense by DI-ACRO 
Benders, Brakes, Shears, Rod Parters, Notchers, 
Punches. Send for your free copy. 


Pronounced ‘'DIE-ACK-RO” 


Y 


EIGHTH AVENUE e LAKE CITY, MINNESOTô 


| 
| 
| 
Í 
| 


accessibility to parts and full ventila- 
tion characterize this equipment. The 
control panel tilts forward for sery- 
icing. Mounted on the front panel 
are the main line switch, line fuses 
and time-delay relay that prevents op- 
eration of the power tubes until the 
filaments are properly heated. On 
the back of the panel are mounted 
the two power tubes and terminal 
strips where all connections are made 
Rated at 115/230 v d-c; 115/230/460 
v a-c, the rectifier is 18 in. wide, 12 
in. deep, 24 in. high. 


Special Purpose Rubber 

B. F. Goodrich Chemical Co., Rose 

Bldg., Cleveland 15, Ohio 
Two special types of Hycar oil re- 
sistant rubber are in commercial quan- 
tity production. Designated as OR-25 
EP and OR-25 NS, the materials have 
processing properties superior to the 
regular Hycar OR-25. The NS type 
differs from the EP in that a different 
anti-oxidant is added to the former 
making it non-staining and non-dis- 
coloring. The principle advantages of 
these special types include better ex- 
trusion, banding, fusion, and mold 
flow characteristics, as well as increased 
building tack for laminated products 
such as frictioned stocks and calen- 
dered sheeting. 


Industrial Limit Switch 


Micro Switch Div., First Industrial 
Corp., Freeport, Ill. 

Adjustable through 360 degrees, the 
rotary-action lever arm of this limit 
switch permits the actuating mechan- 
ism a maximum of 90 deg total travel 
in either direction. The assembly is 
therefore especially suited for applica 
tion to the industrial machine tool 
field. The LMRS die-cast aluminum 
housing is sealed against dirt and mois- 
ture and provides means for standard 
4} in.—14 thread conduit attachment 
Two basic switches are recommended 
for use with this housing. Type BZ- 
2R-A2 has bottom facing terminals; 
type BZ-2R-P2 has side facing termi- 
nals. Switches will cary inductive loads 
of 10 amp at 110 v, 5 amp at 220% 
or 3 amp at 440 v, a-c 60 cycles 


Overlay Welding Rod 
Eutectic Welding Alloys Co 
Worth St., New York 13, N. Y. 

Overlays of 67 Rc hardness can be 

produced on copper and ferrous metals 

through the use of ‘‘EutecRod” 185 

gas welding rod. No heat treatment 

is required as the overlay is app ied in 

a single pass without dilution of the 

base metal. The alloy has a bonding 


Propuct ENGINEERING — Fesruary, 1948 





imit 
han- 
avel 
y b 
lica 
too! 
num 
1015 
dard 
ent 
ided 
BZ 
vals; 
rmi- 
oads 


20 y 


Group of form relieved 
milling cutters—typical 
of many special cut- 
ting tools designed 
and manufactured by 
Continental Tool 
Works, Detroit 6, Mich, 


Pro; CT ENGINEERING - 


DIr 19. 
Chtt- conponat 


JULLE 


CONTINENTAL engineers and toolmakers have been designing and manu- 
facturing special cutting tools to customers’ specifications for nearly thirty 
years. With engineering ‘‘know-how"’, complete heat treating facilities, 
modern machine tools, both standard and special, and skilled operators . . . 
all under one roof and one management . . . CONTINENTAL is exceptionally 
well equipped to handle special cutting tool orders. For instance, form 
relieved cutters, either ground or unground, as illustrated here, can be made 
to your specifications quickly and accurately. Why not send a tool print, or 
a part print with information on production requirements to CONTINENTAL 
TOOL WORKS a division of Ex-Cell-O? You'll find prices reasonable and 
delivery prompt. 


CONTINENTAL TOOL WORKS 


DIVISION OF EX-CELL-O CORPORATION 
DETROIT 6, MICHIGAN 
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temperature of 1,800 F and is highly 
resistant to corrosion by nitric, acetic 
phosphoric, tartaric and citric acids 
Special applications include bearings, 
gears, marker teeth, agricultural equip- 
ment as well as centrifugal pumps, 
chemical processing components, globe 
or gate valves and oil-jet nozzles. 


Packing Ring 
Smith-Blair Inc., S. San Francis 
Calif. 
Self-adjusting and self-locking, this 
Water-Lock rubber ring pipe joint 
packing is hydrostatically designed to 
increase a m from > 
f pressure. awe ring can be installec 
eer, designer and purchasing agent quickly without cutting or fitting and 
if each product — . uld suggest one requirement, used with any joint compound. Work- 
reading this advertisement cO it and we want new products ing alone without compound it will 
22,772 new possibilities would resu Our specialties are » > - hold 40-60 Ib pressure. Being non- 
’ eur parts fabrication department. bility to maintain close porous, the rubber cannot be a cul- 
= aan to detail in manufacture .- - 9 wiry ture point for bacteria or other con- 
attenti r : É a 
finishes. o taminating elements. 
ea yeni laminated precious metals _ = r 
anaapa d tubing which we fabricate k ou 
in sheet, wire an elta or punch press 
— “ al we have expanded our Se and drill 
— d ing work, milling, turning, gr! f assembly 
ond deep San ` addition, we have facilities tor 
n ’ 


press operations. arana and fine 


operations, silver soldering, silver furnac 

ies e : on any 
peer id welcome the opportunity to work por ean 

e wou have. Our stant O 
: equirements you may ’ tants will be 

eel satalaiti; chemists and — seciities ond 
oes to assist you to the full extent of the 
pleased to 

ility. 
oe address inquiries to Department G. 


a 
a 
é 
A 
a 
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PRODUCTS 

Tubular Speed Clip 
| Tinnerman Products, Inc., 2041 Ful 

| ton Rd., Cleveland 13, Obi 
MAKEPEACE COMPANY Two lock washers and a nut are no 
Main Office and Plant, Attleboro, Massachusetts longer required and appreciable assem 
NEW YORK OFFICE, 30 CHURCH ST bly time is saved when this tubular 
type speed clip is used to assemble 3 


* CHICAGO OFFICE, 55 EAST WASHINGTON ST 
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a From raw stock to finished product-whatever operation your machine 
performs, it will run better on Bijur-oiled bearings. Assuring automatic 
distribution of clean oil to all bearings while the machine is running, the 
Bijur system insures maximum production while it reduces bearing wear. 
Built into machine tools, printing presses and sheet metal machinery, 
this central oiling system effectively lengthens the productive life of the 
machine. It will pay to talk over your lubrication problems with a 
Bijur engineer. 

Write for the Bijur news bulletin. 
It shows how the system is applied, 


BIJUR LUBRICATING CORPORATION_1once istanp city 1, w. Y. 


DUCT ENGINEERING — FEBRUARY, 1948 





Se oak) 


Conformity to your specifications is 


guaranteed by the unequalled accu- 


racy of Booth dies. 

Booth uniformity of quality and 
cutting will show you immediate time- 
savings in assembly of parts. Quality 
plus Experience is the only sure for- 


mula for complete satisfaction. 
+ 


APPLICATION CHART AND 
SAMPLE KIT... contains swatches 
of S.A.E. felt types, with specifi- 
cation tables. Write for it. (No 
sales follow-up.) 


THE BOOTH FELT COMPANY 


475 19th Street Brooklyn 15, N. Y. 
736 Sherman Street Chicago 5, Ill. 


olh 


TRADE mate 


FELT PARTS 





push button switch to the electric fan | 
| housing shown in the cut. 


Hand 
assembly consists of snapping the clip 
into the housing hole and pushing 
the switch into the clip from the inside 
of the housing. As the switch is in- 


stalled the sleeve of the switch expands | 


the clip forcing it against the housing. 
The turned-in edge of the clip seizes 


| the switch sleeve with a compression 
“bite” that prevents the switch from | 


backing out. 


Coolant Pump 


The Ruthman Machinery Co., Cin 

cinnatti 2, Ohio 
An electronic process is used to dy- 
namically balance all rotating parts in 
the Model 11,029 motor driven cool- 
ant pump. Continuous, quiet operation 
is obtained through the use of twin 
coolant inlets that reduce end thrust 
on the shaft. The motor incorporates 
pre-lubricated ball bearings and is 
enclosed in a dripproof upper end bell. 
The pump is of the impeller type 
wherein there are no metal-to-metal 
contacts within the submerged por- 
tion. Liquids containing reasonable 
amounts of grit and abrasives can 
therefore be handled. Capacity at 26 
ft head is 40 gpm with a 4 hp motor 
and 60 gpm with a } hp motor. 


Thermostat Relay 


Sigma Instruments Inc., 70 Ceylon 
St., Boston 21, Mass. 


| One method of accurate temperature 


control uses a sensitive mercury ther- 
mostat that switches the coil circuit of 
a relay; the relay controlling the load. 


stat requires that the current carried 
by the tiny electrodes be kept to a mini- 


Engineered to stand up on 
the toughest jobs, Thomas 
Flexible Couplings do not 
depend on springs, gears, 
rubber or grids to drive. All 
power is transmitted by di- 
rect pull, 


The standard 
line of Thomas 
Couplings meets 
practically all 
requirements. 
But if unusual 
conditions exist 
we are equipped 
to engineer and 
build special 
” couplings. 


PATENTED 
FLEXIBLE 


THE THOMAS PRINCIPLE 
GUARANTEES PERFECT 
BALANCE UNDER ALL CON- 
DITIONS OF MISALIGNMENT 


Write for New Engineering Catalog 


THOMAS FLEXIBLE 
COUPLING CO. 


PRECISION CUT Satisfactory long life from the thermo- 


WARREN, PENNSYLVANIA 


| mum, preferably below 4 milliamperes | 
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For greater strength and 
toughness. 

Knurled head cap screws 
for rapid assembly. 
Knurled point set screws 


goui UNBRAKO SET SCREW POINT 


SSecee 


wait 
oos 


Specify “Unbroko”’ 


come rat Oval 


ANANAA: 
5| CTMU 


STANDARD PRESSED STEEL 


COMPANY 
JENKINTOWN + + PENNA. 


Se | 


ye OL 


Yes, the new, time-saving ““Unbrako'’ Screw Cal- 
culator is yours for the asking! Its simple design 
gives quick, accurate figures on standard types 
of *‘Unbrako"’ Socket Screw Products. This handy 
Screw Calculator (actual size shown above) is an 
ideal ‘‘help-mate’’ in office, drafting room or 
shop. It’s easy to spot when you need it. And 
when you desire an easy run-down of the frac- 
tional-decimal or thread dimensions, you can just 


a > oaa pick-up your ‘‘Unbrako"’ Calculator and save time. 
To operate: pull slide card from f ? 

either end until desired screw diam- f 6 sw é ' ° 

eter is encircled on upper edge... a S It's always best to specify tough, dependable 
corresponding readings will , then f 10S. AOIS 6075 995 g 

result as to socket and head diame- [i i w ‘Unbrako" Socket Screw Products — sold en- 
ter, head thickness and number of ? } 

threads per inch whether NC (USS) m 


pi a gr enr paat ae rga tirely through Industrial Distributors. 
reverse side. 
OVER 45 YEARS IN BUSINESS 


JENKINTOWN, PENNA., BOX gag. BRANCHES: BOSTON + CHICAGO « DETROIT + INDIANAPOLIS «+ ST. LOUIS » SAN FRANCISCO 
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Buil Ein Quality 


MAKES THE EXTRA VALUE 






at 115 v. a-c. It is desirable that a-c 
current be used to minimize plating of 
the electrodes and contamination of the 
mercury. The Sigma Series 41 totally 
| inclosed relay is suited for this applica- 

tion. One standard type operates with 














aa i : A 
only 2 milliamp at 115v, a-c in the coil 
circuit. The relay contacts are suitable 
for loads typical of this service, such fy 






| as solenoid valves, incandescent indi- 
| cator lamps and resistance heaters. Re- 
placement after damage or long service 
is made easy by plug-in mountings. 
| Illustrated is the Type 41 RO which 
weighs 3 oz and is 14 x 14 x 2in. high 
above the base. This relay in combina- 
| tion with the Amphenol socket, per- 
mits screw connection to the relay. 



















DARNELL 
CASTERS 


Built-in quality assures a 
long life of efficient ser- 
vice—it pays to Demand 
Darnell Dependability’ 

























Expansion Valve 
Automatic Products Co., Milwau- 
kee 10, Wis. 
| Refrigerator motor overload protection 
| is provided by a liquid-charged pres- 
sure limiting diaphragm unit built into 
this thermostatic expansion valve. The 


DARNELL “CORP LTD | beryllium copper diaphragm closes 4 


stellite needle falve before the motor 


LONG BEACH 4 CALIFORNIA becomes overloaded during pull-down 







Z e ia OUR COP 
YOUR COPY 
h0 MANUAL TODAY 














or peakload periods. Suitable under 

60 WALKER Fi NEW YORK k N Y all temperature conditions, the A-P 
; : 212 valve is adjustable over a 2 0 

36 N. CLINTON CHICAGO 6, ILL a sngt. Tann 
' can be in any position and adjustments 





| are accessible at all times. Assem- 
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Looking for a wet grinding system that will give Here are a few jobs on which the 3M Wet Grinding 
yu precision cutting—smoother finishes—longer belt Method has cut costs and stepped up production: 
lfe—faster production? The 3M Company, originators © Finishing electric iron sole plates 
of dry belt grinding methods, also offer a Wet © Grinding cast aluminum electric motor covers 
Grinding Method that sets new standards for per- © Removing burrs from stamped steel gears 
brmance. 3M waterproof abrasive belts, cooled and © Grinding bronze strip stock for bearings 
deaned with water or a sanding lubricant, produce © Polishing forged steel wrench faces 
isatin-smooth, precision finish that needs little or © Grinding cast iron motor housings 
v buffing and polishing. And this thorough, crafts- è Surfacing stainless steel gaskets 

! mnlike job is done at production line speeds! Each Your 3M Distributor has the complete story about 
individual installation is tailored to the manufacturer's 3M Grinding Methods. Or send in the coupon below 
particular needs by our experienced engineering staff, for our booklet explaining the 3M Wet Grinding 
who have pioneered the development of waterproof Method. Either way you're on the way to better fin- 
abrasives and wet grinding procedures. ishes and faster production. 

| wau- 


MINNESOTA MINING & MFG. CO. Dept. PE248 


is 3M St. Paul 6, Minn. 
ection ‘i Please send us a copy of your booklet “A: 


pres Faster Better Finishing Method.” 


t into i 
T RAS p V a d i ARS Have a 3M Sales Engineer call. 


. The 


yses 4 





motor 4 By 
-down f Pa 
under RIY i Firm 

p COMPANY a , 
» AP | 
\ ee i Address 
{lation Made in U. S. A. by ! 
ements \INNESOTA Minine & MFG. co. | City 1.» Zone:. State 
Assem St. Paul 6, Minn. ee al as 
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blies charged with freon range from } 
| to 14 ton capacity with pressure limits 
| of 15, 40 and 45 pounds. Methyl 


This is how STROM BALLS are born = °2), “hare unis range from 4 


of 10 to 30 pounds. 








A heading machine cutting sections from heated 
steel rods and compressing them ina die 
to a rough spherical shape. 











The steel is carefully chosen and inspected, even before it gets to the 
heading machine. After being "born" here, balls are carefully "brought 
up,” through a long series of grinding and lapping operations, to the 
unbelievably high standards of finish, sphericity and precision which have 
made Strom Metal Balls the standard of Industry. Strom Steel Ball Co., 
1850 South 54th Avenue, Cicero 50, Illinois. 


Fused Rotary Snap Switch 
Strom BALLS Q Serve Industry | Electro Switch Co., Weymouth, Mass. 
' | Switchboard space is conserved by 
Largest Independent and Exclusive Metal Ball Manufacturer using this compact fused switch. The 


unit comprises the Type P, Esco high 
speed rotary snap-action switch and a 
panel-mounted fuse holder. Standard 
cartridge fuses are replaceable from the 
front of the panel. Integral with the 
fuse holder is a neon-lamp type 
“blown-fuse” indicator. Switches with 
ratings of 10, 30, 60, 100 and 200 
amp are available. 










Solve Your Design, Fabrication 
and Delivery Problems by 


METAL SPINNING 
“TEINER” offers Time and Money Savings 


Metal spinning the “Teiner” way will enable you to simplify designs and 
speed up production. In small runs you can save the cost of expensive 
dies and castings. 


“TEINER” is well qualified to be of assistance to you. As specialists in 
metal spinning for over fifty years, we are in position to offer valuable 
help in both design and production so that full advantage can be taken of 
the great savings possible through spinning, as well as the greater 
strength and finer quality of the parts produced. We are also equipped 
to fabricate commercial flange and disc heads. 


An unusual and important part of “TEINER” service is the spinning of 
stainless steel. Here again, spinning eliminates the need for expensive 
castings and machining. It will be to your advantage to submit drawings 
or samples of your parts for a cost estimate of producing your require- 
ments by spinning. Your inquiries are solicited. 


Other “TEINER” Services 




























Stamping . Fabricating .... Assembling .... Soldering .... Silver 

Brazing .. Lacquering .... Welding. .etc. TEINER assures expert work in i . i 

all metals and in any quantities exactly to specifications. Our engineers Constant Voltage Rectifier 
are ready to cooperate with you on your needs. La Marche Mfg. Co.. 6525 Olmstei 







Ave., Chicago, 31, Ill. 


| Constant d-c voltage is maintained fo: 
any loading from 0 to 20 amp by the 
reactor type control built into thi 
selenium rectifier. In contrast to tht 
| ordinary rectifier in which the voltage 








ROLAND TEINER COMPANY 


TEL. EVERETT 2669 
130 TREMONT ST. EVERETT 99, MASS. 
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skilled springmakers.. 
PPE LA 
experienced engineers, 


SPECIALISTS 


in spring design 


and manufacture 


It takes people to make 
springs. Ours are specialized, 
highly trained, long-experienced 
eople—well qualified to give you 
the finest in spring craftsmanship. 
Q Our engineers too, are an important reason 
why you'll like Accurate Spring Service. They're old hands at 
spring-making...they’ve developed manufacturing systems and 
procedures that enable us to handle your jobs with the greatest 
speed and efficiency. These Accurate engineers are at your 
service on spring design problems. You will benefit 
from their practical assistance in designing Send for your copy ef the 
exactly the right spring for your application. aek Melalli ât 


ich 
Q Why not try Accurate on your next job. wii fad osobui. Mo chii- 


gation of course. 
ACCURATE SPRING MFG. CO. 


3815 W. Lake Street Chicago 24, Illinois Ef 
f A a 


X LPO POO) eee OO 
SPRINGS WIREFORMS STAMPINGS “tinge l i 
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At Heywood-Wakefield, for 
instance, re-designing of the 
coach seat pedestal for assem- 
bly by resistance welding had 
the following results: 

1. The Progressive Seam Welder 
paid for itself in the first few 
weeks of operation. 

. Since then it has been saving 
enough to pay the wages of 
10 other H-W workers on 
other jobs. 

-A higher quality seat 
pedestal was produced. 


tag 
3e 
à 


You'll find the story of how 
this was done along with 
“How 33 operations were 
cut to 5”; “Simple machine 


makes petcock wrenches | 


faster’; ‘How to resistance 
weld without heavy duty 
power lines”; and “How to 
design for projection weld- 
ing , in 


RESISTANCE WELDING 

PICTORIAL #50 

PAY Ask for it, today. 
W E 
0 


| 
ER COMPANY 


3050 E. OUTER DRIVE, DETROIT 12, U.S.A 


196 





| millisecond. 


OGRESSIVE 


drops as the current is increased, this 
unit will maintain or increase the 
starting voltage until the full amper- 
age has been drawn. Large groups of 
low voltage d-c magnets and banks 
of pipe organ electrical systems have 
been handled by this assembly. De- 
signed as a full-wave bridge type unit, 
this rectifier is suitable for any a-c 
frequency and for line voltages from 
115 to 230. The pulsating d-c is fil- 
tered about 25 percent. 


| 


Full Wave Rectifier Tube 


National Electronics Inc., Geneva, Ill. 


| Combining two half-wave rectifiers in | 
| one envelope, the NL-604 high voltage | 
| tube is specially designed for indus- 

| trial and electronic motor control ap- | 
| plications. 


Filled with gas and mer- 
cury, the tube gives quick starting and 


uniform characteristics over a broad | 


temperature range. Operation between 
—10 and 50 C ambient temperature 
gives full tube life. 
250 v d-c output at 2.5 amp, the tube 
has filament requirements of 2.5 v 


11.5 +1 amp and a heating time of | 


15 seconds. 


High Speed Relay 
Stevens-Arnold Inc., 
South Boston, Mass. 


An ultra high speed d-c mechanical 
relay has an operating time of one 
Life expectancy varies 
from 22 million operations at 4 amp 
to 100 million operations at 4 ampere. 
Designed as a single pole, double 


throw unit, the relay can be used with | 
| resistive or inductive loads. 
| tests must be made to insure satisfac- 


Special 


tory operation with a specific inductive 


load. Coil and contacts are shielded | 


from each other and mounted in a 
standard type radio tube container. 
Coils are wound for d-c use at 18 v, 
1,400 ohms or 6 v, 150 ohms. 
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Rated for full | 


22 Elkins St., | 





i aE 


a Fastener 


Need ... 


that's suitable 

to Volume 
Production... 

It may pay you to let 
our Design Engineers 


have a 


hand in it. 


ee 


They have helped 


many 
manufacturers 


* CUT COSTS 


* SPEED PRODUCTION 


* TURN OUT FINER 
FINISHED PRODUCTS 


UNLTED - CARR 
FASTENER CoP 


we abe 
oy Wha 
42, MA 
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